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Chapter 1 Introduction

1.1 Purpose

Volatile hazardous substances (such as gasoline and solvents) released into the environment can
contaminate soils, soil gas, and underlying groundwater. The migration of volatile hazardous
substances from the subsurface to indoor air is called vapor intrusion. It is a potential migration
pathway at sites where volatile hazardous substances are present in the subsurface and occupied
buildings are in the vicinity of the contamination. Because vapor intrusion can potentially lead
to unacceptable indoor exposures to contaminants released into the environment, the Washington
State Department of Ecology (Ecology) expects that remedial investigations will include an
evaluation to determine if vapor intrusion is unacceptably impacting indoor air quality whenever
volatile hazardous substances are present in the subsurface at a site. Ecology also expects
subsurface media cleanup levels to be protective of indoor air quality.

Ecology developed this guidance to assist potentially liable persons (PLPs)*, site managers, and
consultants evaluating vapor intrusion as part of applying the Model Toxics Control Act
(MTCA) cleanup regulations. The guidance contains:

e A process for evaluating the vapor intrusion pathway during a remedial investigation
and feasibility study (see WAC 173-340-350).

¢ Recommended methods and techniques for soil gas sampling.

¢ Recommended references for indoor air, crawl space, sub-slab and ambient air
sampling, and vapor intrusion mitigation techniques.

e Recommended methods for deriving subsurface media concentrations that protect
indoor air quality from contaminated subsurface media.

The purpose of this guidance is to provide a practical guide for assessing vapor intrusion at sites
in Washington where volatile chemicals in the subsurface might pose a threat to indoor air
quality.

1.2 Applicability

This guidance may be used by anyone in Washington State concerned about whether subsurface
vapor-phase contaminants may pose a health threat to people inside buildings. It is written
primarily for environmental professionals investigating the vapor intrusion pathway at cleanup
sites (as described below in Section 1.3). MTCA is the primary statute governing cleanup of
hazardous wastes in Washington. At sites where there has been a confirmed release, the owner or

! This guidance uses this term broadly to refer to the individual or party responsible for site cleanup. This is not
intended to limit responsibility to only those designated as PLPs per RCW 70.105D.040. It is a general reference
to the responsible party. Please see Appendix A’s “PLP” definition.
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operator must comply with MTCA cleanup regulations in Chapter 173-340 of the Washington
Administrative Code (WAC).

Persons responsible for cleanup must consider the vapor intrusion pathway when conducting a
Remedial Investigation and Feasibility Study (RI/FS) under the MTCA cleanup regulations at
sites where vapor intrusion may potentially lead to unacceptable indoor air contamination.’
Ecology recognizes that a number of technically sound approaches to evaluating vapor intrusion
can be used to demonstrate whether human health is being adequately protected.® We do not
require that investigators follow the procedures outlined in this guidance unless the procedures
are also required by regulation. However, the guidance describes a practical, tiered approach
organized around a number of decision points, and is consistent with MTCA rule requirements
and many other vapor intrusion guidance documents. Ecology expects its own site managers
will use this document when they review documents submitted by PLPs.

Current and future scenarios

This guidance applies to scenarios where an occupied building currently exists on a site. It also
applies to situations where buildings have not yet been constructed within a contaminated site
area. As stated in WAC 173-340-702 (4), cleanup standards and actions must be protective of
current and potential future site and resource uses.

Workplace exposures to toxic, volatile substances

This guidance applies to most scenarios where indoor receptors may be exposed to hazardous
substances by breathing indoor air contaminated by soil gas. However, there are exceptions.
Because certain manufacturing jobs require working with toxic, volatile substances, workers in
industrial settings may be exposed to hazardous vapors used in their company’s industrial or
manufacturing process. Workplace safety for these workers is regulated by both the Washington
Department of Labor & Industries (LNI) Division of Occupational Safety and Health (DOSH)
and the federal Occupational Safety and Health Administration (OSHA).* The chemicals used in
such a workplace could be the same substances found in soil gas beneath the building. As
discussed in c¢) below, this guidance does not apply to potential vapor intrusion scenarios where
the receptors at risk are workers routinely exposed to higher concentrations of the same
chemical(s) as part of an industrial/manufacturing process, when those exposures are directly
regulated by OSHA.

2 See: WAC 173-340-357(3)(f)(i); WAC 173-340-450(2)(c) & (3)(a)(i); WAC 173-340-720(1)(c) & (1)(d)(iv);
WAC 173-340-740(3)(b)(iii)(C) & (3)(c)(iv); WAC 173-340-745(2)(c) & (5)(b)(iii)(C); and WAC 173-340-750.

¥ In 2002 EPA published a draft guidance for evaluating the vapor intrusion to indoor air pathway from groundwater
and soils. Since that time, a number of states, the Department of Defense, and ITRC have also produced VI
guidance.

* OSHA approves, monitors, and partially funds state occupational safety and health programs. WISHA, the
Washington industrial safety and health act, provides for the state’s occupational safety and health program
(chapter 296-800 WAC). OSHA requires state plans to be at least as effective as OSHA. OSHA and WISHA
establish permissible exposure limits (PELS) to regulate work place exposure to chemicals. PELSs are based on both
risk and economic feasibility. For most VOCs, the human health-based indoor air cleanup levels required under
MTCA are much lower than the PELs.



The guidance does apply, though, to situations where employees working indoors are not
routinely exposed to chemicals as part of an industrial/manufacturing process. It also applies to
workers exposed to vapor intrusion in general non-residential settings, like schools, libraries,
hospitals, retail stores, office buildings, and daycare facilities.

Consider the following situations:

a) An office worker in a building that houses some type of manufacturing operation is
potentially exposed to indoor air contamination as a result of vapor intrusion. This
guidance applies to the office worker’s potential exposure (and to those exposures other
persons not involved in the industrial process may be subjected to).

b) A worker potentially exposed to certain volatile substances in vapor intrusion-
contaminated indoor air uses a different chemical while working. The potential exposure
to the substances in indoor air caused by vapor intrusion is addressed by this guidance.

c) A worker potentially exposed to vapor intrusion-contaminated indoor air is regularly and
simultaneously exposed to the same hazardous chemical vapors in the workplace. The
workplace vapor concentrations are routinely much higher than any levels expected from
vapor intrusion. This worker understands that exposure to the particular chemical is part
of the job and is enrolled in the company’s OSHA-compliant employee protection
program. Because the exposure scenario described here is regulated under OSHA, the
guidance has not been developed to assess or otherwise address such a situation.”

Although dry-cleaning businesses and automobile filling stations are not “manufacturing
operations,” the same logic may apply to evaluating vapor intrusion in their associated
buildings. That is, the guidance has not been developed to assess or otherwise address
situations where a subsurface vapor intrusion source potentially threatens indoor air
quality, but: a) indoor workers are regularly exposed to the same hazardous chemical
vapors in the workplace due to the nature of the business; b) the workplace-related
vapor concentrations are routinely much higher than any levels expected from
vapor intrusion; and, c) the workers are enrolled in an OSHA-compliant employee
protection program.

These examples are provided to show the different types of indoor receptors that may be exposed
to vapor intrusion-related contaminants and which types the guidance has been created to help
assess. Regardless of whom the indoor receptor is, and whether vapor intrusion is or is not
assessed because of the nature of the indoor activity, PLPs are still required to appropriately
address (clean up) contaminated groundwater and soils at their sites.

1.3 The Vapor Intrusion Pathway

The vapor intrusion pathway we are concerned about at cleanup sites starts at the subsurface
contaminant source, travels through the vadose zone, and, by moving through or around

> That is, the guidance’s assessment recommendations are not applicable to this particular workplace. The guidance
remains relevant for neighboring properties or for other buildings on the property where the conditions described
here do not exist.



foundations, enters occupied buildings.® The pathway consists of a string of possibilities that, if
connected, may result in unacceptable health risks. The pathway is influenced by the properties
of the chemicals themselves, soil characteristics, ambient conditions, and the construction and
ventilation features of the affected (or future) buildings.

In the subsurface, a chemical may be dissolved in
groundwater, present as a separate non-aqueous

phase, or sorbed to soil particles. Due to its In this guidance, vapor intrusion (V1)
volatility it may also partially partition into the gas refers to the migration of hazardous
phase, filling the portion of the soil pore space not volatile chemicals from subsurface
occupied by water. Within the deeper portions of soils or groundwater (or NAPL) into the
the vadose zone, gas-phase chemicals move indoor air of overlying buildings.

primarily via molecular diffusion. Nearer the
surface and approaching buildings, however,
pressure gradients can play a significant role in transport, and advection/convection of soil gas is
generally the dominant transport mechanism influencing vapor intrusion.

Advection-driven pressure differentials between the building interior and the immediate
subsurface (or crawlspace) move soil gas indoors.” Gas-phase chemicals can enter buildings
through cracks, seams, or utility penetrations in subsurface (basement) walls and floors, or
through floors in contact with the ground surface. They can contaminate crawlspace air, and then
be drawn inside through openings in the building’s lowest floor. See Figure 1 below for a
depiction of the generic vapor intrusion conceptual model.

® This guidance specifically addresses volatile substances moving from the subsurface into buildings. However, the
air inside other enclosed structures such as manholes and utility vaults can also become contaminated due to
below-ground intrusion of soil gases. In addition, other vapor-related exposure scenarios exist: contaminated soils
or groundwater can release gases to the atmosphere such that exposure occurs through inhaling ambient air.
Workers excavating below ground level at contaminated sites can be exposed to vapors (this is sometimes referred
to as the “trenching” scenario). Methane gas originating from landfills may move underground and infiltrate
buildings. Although much of the guidance’s discussion may also apply to these scenarios, they are not
specifically addressed in the document.

" A pressure difference between the interior and subsurface can occur for various reasons, and the air pressure inside
an occupied building is often lower than both ambient air and the subsurface. This creates the potential for both
ambient air contaminants and contaminants present in shallow soil gas to move indoors.
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Figure 1. The vapor intrusion exposure pathway

Site-specific considerations

In rare cases, vapors accumulating in enclosed spaces can pose immediate safety hazards (such
as explosions), acute health effects, or aesthetic problems (such as odors). These threats must be
responded to immediately. Section 2.1 provides further information about indoor vapor
scenarios requiring immediate response. Typically however, indoor chemical concentrations due
to vapor intrusion are low and the primary concern is the more chronic health effect(s) associated
with long term exposures. This is the scenario the guidance has been developed to address.

1.4 Using the Guidance

Ecology’s vapor intrusion guidance document is brief and emphasizes “how to” more than
“why.” Tt is organized around logical steps in the process of evaluating and responding to
potential vapor intrusion problems. The general approach recommended here is tiered, with steps
for “screening-in” sites or buildings where vapor intrusion might be of concern while “screening-
out” sites or buildings where it is unlikely. Early screening steps are conservative by design with
only those buildings least likely to be unacceptably impacted by vapor intrusion screened-out
first. However, as investigators gather more site-specific data, less conservative decision-making
becomes possible.

This guidance is not comprehensive. For many subjects we refer the reader to other documents,
such as the more comprehensive state vapor intrusion guidance developed in California, New
York, and New Jersey, the Interstate Technology Regulatory Council’s (ITRC’s) guidance, or
topic-specific literature.

See Figure 2 on the following page for a schematic summary of this guidance’s content.
1.4.1 The guidance’s approach to assessing VI

Tiering the vapor intrusion assessment is designed to help investigators gather required data in a
cost-effective manner. The step-wise approach in this, and many other state and federal
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guidance documents, can be thought of as a progression of questions and decisions. At each
succeeding step where a question is posed and answered, the investigator has an opportunity to
conclude that subsurface contamination does not pose an unacceptable threat to indoor air
quality. These points can be considered “off-ramps.” Some off-ramps, especially those early in
the process, are essentially completions of the vapor intrusion assessment. In these cases no
further assessment actions are generally required once the investigator has exited the screening
process. Other off-ramps are of a more qualified nature. They may reflect scenarios where
vapor intrusion is not unacceptably impacting indoor air, but only because of certain conditions
that could change over time. Here, assessment off-ramps may lead to follow-up actions such as
monitoring or the imposition of land use controls.

For example, a preliminary assessment may conclude that buildings are not currently close
enough to subsurface contamination to be threatened by vapor intrusion. The off-ramp, then, is a
conclusion that indoor receptors are not currently being exposed to vapor intrusion-caused air
contamination. This conclusion may not hold, however, for receptors in a building constructed
nearer the contamination in the future.
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Likewise, a Tier Il assessment may conclude that a particular building’s indoor air is not being
unacceptably impacted by vapor intrusion. The off-ramp, then, may be a decision that no further
assessment of that building is needed. However, the subsurface contamination might still pose a
potential threat to indoor air if the building were to be modified, used differently, or replaced by
a different structure. Similarly, even though indoor air may not appear to be unacceptably
impacted, soil gas concentrations may be significantly elevated. Decision-makers may therefore
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opt to monitor indoor air and/or soil gas concentrations over time to ensure the protectiveness of
the assessment conclusion.

Preliminary Assessment |

The goal of the preliminary assessment is to quickly identify whether the potential for vapor
intrusion exists at a specific site, and if it does, which buildings may be affected.

Chapter 2 describes the basic steps in a preliminary assessment, asking:

Could chemicals present at this site pose a potential vapor intrusion problem? That is, are
the substances released, or their degradation products, sufficiently toxic and volatile?
This is the first off-ramp opportunity. If the chemicals present at the site are not
sufficiently toxic and volatile, there is no further need to assess the pathway.

Are existing or planned buildings located close enough to subsurface contamination to be
affected by vapor intrusion? Once a decision has been made that there are toxic, volatile
substances in the subsurface, identifying the buildings and site areas where vapor
intrusion might occur is the next step. This is the second off-ramp opportunity.

If the chemicals present at the site are toxic and volatile, but the contamination is far
from any occupied existing or planned building, vapor intrusion is not currently
posing a threat to indoor receptors. There is no further need to assess the pathway,
then, for the purpose of determining if mitigation or some other form of interim action is
needed. However, as Chapter 2 explains, if future buildings could be constructed near
subsurface contamination, vapor intrusion could potentially impact indoor air quality
within those buildings. Since the site cleanup action must be protective of the indoor air
quality in future as well as current buildings, PLPs will need to perform further
assessment within these areas (as described in Chapter 3) to better estimate the
significance of potential impacts.

Answering these questions will require certain site-specific information of high enough quality to

make a confident decision. At some sites existing data may answer, or help answer, these
questions and either allow the investigator to take an off-ramp to no further assessment, or
establish the need for further investigation. In general, though, existing data may not be of

sufficient quality and quantity for establishing the likelihood of potential vapor intrusion risks,

especially as the investigator proceeds beyond a preliminary assessment to Tiers I and II.

Investigators need to evaluate both the quantity and quality of their data before making screening
decisions.

If the preliminary assessment concludes that there are toxic, volatile hazardous substances at the
site and the contamination is either a) close to one or more currently occupied buildings, or b)
close to an area where a building could be constructed in the future, investigators will need to
continue assessing the pathway. Generally, the next steps involve looking at the concentrations
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of these substances in the subsurface and deciding if these concentrations are high enough to
pose a potential vapor intrusion problem at any site building. This is called a Tier | assessment,
or Tier | screening.

Tier | Assessment

Like the preliminary assessment, Tier | asks basic pathway questions and provides off-ramps for
situations where it is apparent that the subsurface contamination is very unlikely to pose a vapor
intrusion threat to particular buildings. In essence, for sites where contaminated groundwater is
the subsurface source of vapors, it asks:

¢ Do the volatile, toxic substances present in shallow groundwater at this site pose a
potentially unacceptable vapor intrusion source? That is, are the chemical
concentrations high enough to constitute an unacceptable source? If there is no
volatile contamination in vadose zone soils (near current or future buildings of
concern), no LNAPL, and shallow groundwater volatile concentrations are
sufficiently low (below “screening levels” and expected to stay that way), there is
no further need to assess the pathway.® Or,

« Do the volatile, toxic substances present at this site in vadose zone® soil gas —
assuming the soil gas data are properly representative — indicate a potentially
unacceptable vapor intrusion source? If subsurface soil gas concentrations are
sufficiently low (and expected to stay that way), there is no further need to assess
the pathway.

For sites where contaminated vadose zone soil is the subsurface VI source, or where soil and
groundwater (and/or LNAPL) are both contaminated, Tier | asks:

Do the volatile, toxic substances present at this site in vadose zone soil gas indicate a
potentially unacceptable vapor intrusion source (again, assuming existing data are
properly representative)? If subsurface soil gas concentrations are sufficiently low,
there is no further need to assess the pathway.

Section 3.1 describes the Tier | remedial investigation screening procedures for vapor intrusion.
If the Tier I screening assessment concludes that there are volatile, toxic substances at the site,
that the subsurface contamination is close to one or more occupied or future buildings, and that
the contamination is significant enough to pose a threat to indoor air quality, investigators will

® This assumes that these media were never significantly contaminated with volatile, toxic substances, or if
contaminated at one time, the low concentrations now present also represent soil gas conditions. There have been
reports of soil gas concentrations remaining elevated for some period following soil or groundwater remediation.

% Used here to mean the unsaturated zone above the water table. Although the capillary fringe is included in this
zone, soil gas samples are typically collected from depths above this interval.
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need to continue the pathway assessment. The next step,’® Tier II, involves looking at the
concentrations of volatile chemicals indoors — associated with vapor intrusion — and deciding if
these concentrations are “acceptable.”!

Tier Il Assessment

Tier Il asks: Is the volatile contamination in the subsurface unacceptably contaminating this
particular building’s indoor air? If the answer is no (that is, indoor air chemical concentrations —
due to vapor intrusion — are sufficiently low), there is no need to assess the pathway further. Tier
I1, then, can provide an assessment off-ramp for the situation where it is apparent that even
though there is significant subsurface contamination, vapor intrusion has not unacceptably
impacted an existing building’s indoor air quality.'? Alternatively, Tier Il sampling results may
indicate that vapor intrusion is contaminating indoor air and that actions are necessary to protect
the health of indoor receptors.

Section 3.2 describes measuring and evaluating indoor air, ambient air, and building foundation
air (sub-slab soil gas and crawlspace air) volatile chemical levels and refers the reader to various
state and other technical guidance.™ It also discusses: a) how to minimize the influence, and — at
least partially — account for, background sources of indoor air chemical concentrations, and b)
how to interpret the results of indoor air sampling.

1.4.2 The affected community

Chapter 4 briefly discusses communicating with potentially exposed receptors. Once it becomes
apparent that vapor intrusion may be unacceptably impacting indoor air quality investigators will
need access to properties and buildings to collect samples and, possibly, mitigate.

1.4.3 Responding to indoor air contamination caused by VI and setting pathway-
protective subsurface media levels

Chapters 2, 3, and 4 of the guidance focus on determining whether vapor intrusion may be
threatening indoor air quality. In most cases, if indoor air quality in an existing building is

19 In some cases investigators may choose to remain in Tier I and collect new/additional data to improve the quality
of their screening decisions.

! Readers familiar with other guidance may recognize that Ecology’s “Tier I” and “Tier II” differ from some “Tier
1” and “Tier 2” assessments described elsewhere. Our Tier I is essentially an investigation that does not include
indoor air sampling; Tier Il includes indoor air sampling. Sub-slab soil gas sampling may be conducted during
either Tier | or Tier Il.

2 Tier 11 may conclude with a decision that vapor intrusion is not currently resulting in unacceptable indoor air
quality. However, as Chapter 3 explains, if the subsurface is significantly contaminated, there may still be a need
to continue monitoring to ensure that any impacts remain acceptably low.

13 Because indoor air can be contaminated by a number of different sources, Ecology recommends that “multiple
lines of evidence” be applied to decision-making when evaluating the vapor intrusion pathway during Tier II.
Using multiple lines of evidence enables investigators to develop and support a hypothesis about the contributions
soil gas is making to indoor air measurements.
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indeed being threatened, mitigation measures will be employed to protect receptors until the
subsurface source has been effectively cleaned up. In Chapter 5 the guidance briefly discusses
vapor intrusion mitigation measures. Mitigation measures are utilized to protect indoor receptors
from vapor intrusion, though they do not directly act upon the source of the soil gas
contamination. Readers are referred to other available guidance for more information about the
types of mitigation technologies available.

If subsurface levels of toxic, volatile substances are elevated, and pose a potential vapor intrusion
threat (even if that threat is currently being mitigated by an active measure, or by characteristics
of the current building that minimize the degree of intrusion or its impact**), the source of the
problem must be addressed. Chapter 6 focuses on the contaminated vapor intrusion subsurface
source and discusses approaches for establishing media concentrations protective of indoor air
quality, regardless of the type of building that may exist in the future. It also discusses other
vapor intrusion-related cleanup issues, such as institutional controls.

1.5 Updating the Guidance

Vapor intrusion assessment is an evolving science. Over time, as sites continue to be assessed
nationwide, our understanding of the relationship between subsurface contamination and indoor
air impacts will improve. Hopefully this will enable us to do better job of predicting the degree
of vapor intrusion impact at any given building, and estimating the contribution to indoor air
contaminant measurements only due to vapor intrusion.

In addition, it is anticipated that the MTCA cleanup regulations (WAC 173-340) will be
modified in the near future as part of the Five Year Review process. More explicit requirements
related to the vapor intrusion pathway are likely to be added.

Ecology therefore expects that, depending on the outcome of future regulatory changes and
advances in the science of vapor intrusion assessment, certain recommendations and other
information contained in this guidance may need to be revised.

Y1t is possible that a future building in the same location may be more susceptible.
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Chapter 2 Preliminary VI Assessment

As discussed in the Introduction, Ecology recommends a tiered approach to vapor intrusion (V1)
assessment. This is simply a logical process of deciding, in successively more resource-intensive
steps, whether the site contamination could pose, or is posing, a threat to indoor air quality.
Figure 3 on the following page shows the basic steps involved in a preliminary assessment of the
pathway. At this preliminary point the investigator is really only attempting to decide if: (1) the
type of contamination at the site is volatile enough and toxic enough to pose a threat, and (2)
occupied buildings are, or may later be, in the vicinity of the contamination.

The goal of a preliminary vapor intrusion assessment is to determine whether any potential exists
for toxic vapors to be present in the subsurface that could migrate and enter nearby buildings. It
requires little site-specific information on contaminant concentrations™ and can be performed
during the scoping process for a remedial investigation and feasibility study (RI/FS), or during
Phase I or Il environmental assessments.

A series of two questions provides the framework for deciding whether investigators should
continue with an investigation of the VI exposure pathway. These questions are provided in an
abbreviated form below, with further details in the following sections:

e Are chemicals of sufficient volatility and toxicity known or reasonably suspected to
be present? (See Section 2.2)

e Are occupied buildings present (or could they be constructed in the future) above or
near site contamination? (See Section 2.3)

If the answer to the first question is no, there is no subsurface VI source and no need to conduct
further investigation to assess the pathway. If the answer is yes, the investigator must proceed to
the second question. If the answer to this second question is also yes, the pathway will need to
be assessed further, as described in Chapter 3.

If the answer to the first question is yes, but no occupied buildings exist near the contamination,
vapor intrusion is not currently posing a threat to indoor receptors. There is no further need to
assess the pathway, then, for the purpose of determining if mitigation or some other form of
interim action is needed. However, if future buildings could be constructed near the subsurface
contamination, vapor intrusion could potentially impact indoor air quality within those buildings.
Investigators will therefore need to perform further assessment during the R1 to better estimate
the significance of these potential, future impacts.

13 Other than a conservative estimate of the boundaries of the contamination. Performing a preliminary VI
assessment requires that the nature and extent of the soil and groundwater contamination only be known well
enough to: a) identify the hazardous substances which are present, and b) conservatively estimate the extent of
their presence, laterally and vertically.
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Figure 3. Preliminary Assessment.

The basic steps for deciding if further VI assessment is needed in Chapter 3.
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2.1 Is Immediate Action Necessary?

Most vapor intrusion scenarios are not associated with safety concerns or indoor air
concentrations that pose harmful acute exposures. This guidance was not developed to respond to
these relatively rare situations. PLPs and site managers should be aware, however, that in certain
situations, vapor intrusion hazards may require immediate attention. Investigators should take
immediate action when short-term health or safety concerns are known, or reasonably suspected
to exist. This includes scenarios where explosive or acutely toxic concentrations of vapors are
present in a building. It also includes the following conditions:

e Aspillis discovered in the interior of the structure (for example, a substance such as
heating oil). This is not a vapor intrusion scenario but it does create vapor hazards.

e Odors are detected with a known or suspected source nearby. Odor complaints may
indicate acute health concerns, and offensive but transient smelling odors may reduce the
quality of life for occupants. It is prudent to investigate such complaints. For some
chemicals (like benzene and naphthalene, for example) the odor detection threshold
exceeds the indoor air concentration acceptable under MTCA.

e Building occupants report health problems. Hazardous vapors may cause headaches,
dizziness, nausea, eye and respiratory irritation, vomiting, and confusion.

¢ Non-aqueous phase liquid (free product) contaminants are beneath or immediately
adjacent to the building. Site investigators should consider the need for immediate actions
when free product is floating on the water table directly below or close to the building.

e Some types of vapor can create a fire and/or explosion risk. When vapor concentrations
are expected to be flammable or combustible, or are known to be corrosive or chemically
reactive, investigators should immediately assess and respond to site conditions. Under
MTCA, cleanup levels protective of air quality cannot exceed ten percent (10%) of the
lower explosive limit for any hazardous substance or mixture of hazardous substances.™

CAUTION: Ecology advises that buildings with potential fire and explosive conditions be
evacuated immediately, and the local fire department contacted.

Most vapor intrusion scenarios are not associated with safety concerns or acute threats to human
health. However, if indoor is being contaminated by soil gas at any concentration, the vapor
intrusion exposure pathway is complete; that is, the building’s occupants are being exposed to
the contamination. It is not merely a “potential” exposure. These scenarios often necessitate
relatively quick action to abate the exposure, even though the most likely health impact is
associated with long-term chronic exposure.'” Fortunately, for many buildings, the speed and
low cost of protecting receptors via mitigation (see Chapter 5) make this form of response

1% See WAC 173-340-750(3) and (4).
"It is not possible to determine with certainty how much time may elapse prior to the advent of adverse effects
from the exposure.
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attractive as an interim measure, implementable well before the comprehensive site cleanup
action has been completed.

2.2 Are Contaminants of Concern Volatile and Toxic?

To pose a potential VI threat to indoor air, substances must be both volatile enough and toxic
enough to contaminate soil gas to unacceptable levels. Appendix B contains a list of substances
that could potentially contaminate indoor air to unacceptable levels via the VI pathway. These
substances were identified by EPA in their 2002 draft VI guidance.'® The list is primarily
comprised of Volatile Organic Compounds (VOCs), as defined by WAC 173-340-200.
Depending on site and building conditions, these substances are sufficiently volatile and toxic to
pose a potential threat to indoor air quality via the VI pathway. If, as a result of site releases,
these substances are present in site contamination, the proximity of the contamination to existing
buildings should be estimated, as explained in Section 2.3 below.

The list of substances in Appendix B does not include every chemical that could potentially
contaminate soil gas and indoor air.*® On a site-specific basis, therefore, Ecology may identify
circumstances where it becomes necessary to consider the volatility and toxicity of chemicals not
included in the appendix.

2.3 Are Buildings Close Enough to the Contamination?

Soil vapor concentrations decrease with increasing distance from the subsurface contamination
source and eventually fall to negligible levels. The decrease in concentration as a function of
distance from the source depends on the soil characteristics, properties of the constituent
chemicals, whether preferential pathways exist, and if biodegradation and chemical
transformations may be occurring within the subsurface environment. Soil gas in the vicinity of
buildings also may be subjected to pressure gradients, leading to the movement of the gas itself
towards areas of lower pressure.

The lateral distance between the contamination and a building can limit the potential for vapor
intrusion. Generally, buildings located more than 100 feet, horizontally, from the edge of the
subsurface contamination are unlikely to experience unacceptable VI impacts.”> Accordingly,
there is no need to further assess the VI pathway for these buildings. The “edge of the
subsurface contamination,” for the purpose of a preliminary assessment, is defined by an

18 Chemicals listed in Table B-1 were obtained from two sources: the 2002 draft EPA VI Guidance and the 2005
California-EPA DTSC VI Guidance. Ecology added three total petroleum hydrocarbon (TPH) light fractions to
the chemicals obtained from these two documents. Some chemicals listed in EPA’s and DTSC’s documents are
not included in the table.

¥ EPA’s 2002 guidance refers readers to Appendix D of its document for an explanation of the process used to
select substances that are volatile enough and toxic enough to pose a potential VI concern. Ecology used this
process, but limited the chemicals in Appendix B to, primarily, VOCs.

% From EPA (2002). Section 2.3.2 below describes the limitations on using this criterion. Note that the 100 feet
distance criterion does not consider the aerobic biodegradation of VOCs. Petroleum hydrocarbons can
significantly attenuate via this mechanism.

The “100 foot rule” is generally applied to all sites, whether the contamination is close to, or far from, the
ground surface. Contamination close to the ground surface, however, has less vertical distance to diffuse over
(before soil gas is discharged to the atmosphere). All else being equal, therefore, the lateral extent of soil gas
contamination for a near surface vapor source will typically be less than that for a deeper source.
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estimate of where volatile organic compound (VOC)?'concentrations in shallow groundwater or
soil decrease to their practical quantitation limits.

If shallow groundwater — meaning groundwater at the water table or in perched zones above the
water table — is not contaminated, and will not become contaminated in the future, groundwater
is generally not considered a VI source. To be a VI source groundwater at the saturated/
unsaturated zone interface must contain volatile, toxic substances.

NOTE: Buildings constructed on property that is located within 100 feet,
horizontally, from the edge of subsurface contamination could potentially be
threatened by vapor intrusion. For areas within 100 feet of the
contamination that are developable (whether a building currently exists or
not), the pathway will need to be assessed as discussed in Chapter 3.

2.3.1 Limitations on the use of the “100-foot rule”

Although 100 feet is a good rule of thumb, in some situations Ecology may recommend that
buildings be evaluated for possible VI impacts if they are farther than 100 feet from the edge of
the contamination. For instance:

e When a continuous low permeability surface (such as concrete or asphalt) covers the
ground between the contamination and the building, soil gas discharge to the
atmosphere is restricted and this may enhance migration toward the building. In such
a case, and especially when the soil or groundwater contamination is at depth, it
would be prudent to consider buildings further in Tier I even if they are somewhat
farther than 100 feet from the estimated edge of contamination.

e When the vadose zone geology has very high gas permeability (for example,
fractured bedrock, Karst, or clay deposits with continuous fissuring), soil gas
contaminants can follow fractures without substantial attenuation for distances
exceeding 100 feet.

o If sewer, gas, or other utility lines are present at the site, and have been routed in
trenches backfilled with materials significantly more permeable than native soils, soil
gas contaminants may follow the backfilled conduit and pose a threat to buildings
somewhat farther than 100 feet from the estimated edge of contamination.?

2! Sybstances in addition to VOCs (as defined by WAC 173-340-200) are included on Table B-1 because in some
situations these substances may pose a vapor intrusion threat. The guidance, however, uses the term “VOCs”
throughout the document as a shorthand descriptor of the chemicals of concern for the VI pathway. The only
inorganic substances listed in Table B-1 are mercury and hydrogen cyanide.

#2 \Vapors may follow the more permeable routes associated with utility conduits. In urban areas, utility and sewer
lines can influence the migration of contaminants if backfill provides a preferential flow pathway for soil gases.
See the Wisconsin Department of Natural Resources’ 2000 Guidance for Documenting the Investigation of Utility
Corridors.
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e When soil gas is under pressure, the 100-foot rule should not be used. This is
typically seen at landfills, where methane gas — often containing VOCs — can travel
much farther than 100 feet. Neither the 100-foot rule nor the preliminary and tiered
assessment recommendations discussed in this guidance are intended for use at sites
where landfill gases may pose a threat to indoor air quality.

In addition, when the source of contaminated soil gas is contaminated groundwater, the
investigator will need to consider the future migration of VOCs in the plume. While there may
currently be no buildings within 100 feet of the plume, VOC strength may increase in the future
in the downgradient direction, threatening buildings that initially appeared to be too far away to
be impacted.

If you determine from a preliminary assessment that there is no potential
vapor intrusion concern at the site, and document your decision explaining
your rationale, no further assessment is required for the pathway.

However, if it appears that vapor intrusion may potentially be creating
unacceptable indoor air contamination, or could in the future, the VI
assessment process described in Chapter 3 should be initiated.
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Chapter 3 VI Assessment during the Remedial
Investigation (Tiers | and Il)

The vapor intrusion (V1) evaluation process recommended in this guidance can be used during
the Remedial Investigation/Feasibility Study (RI/FS) to identify: a) sites that are, or are not,
likely to pose a vapor intrusion threat; and b) individual buildings and site areas that are, or are
not, potentially threatened by vapor intrusion. For each chemical being investigated, the process
consists of three steps:

e Preliminary Assessment
e Tier | Assessment
e Tier Il Assessment

Preliminary assessment was discussed in Chapter 2. Here we assume that a preliminary
assessment has been completed and has concluded that: (1) site contamination includes VOCs,
and (2) occupied buildings are currently in the vicinity of the contamination, or could be in the
future. The investigator must therefore determine whether the contaminant strength is such that
it could pose a potential V1 threat.

23

Commonly, the assessment process begins by adequately characterizing the nature and extent of
the subsurface VOC contamination, an RI task. As stated in the MTCA regulations, the purpose
of the RI is “to collect data necessary to adequately characterize the site for the purpose of
developing and evaluating cleanup action alternatives” (WAC 173-340-350(7)(a)). The
investigator must therefore develop an understanding of the three-dimensional extent of the VOC
“plume” in shallow groundwater and/or vadose zone soil. Subsurface sampling activities should
document contaminant source concentrations, including the extent of NAPL, and verify potential
contaminant migration pathways pursuant to the site’s conceptual site model (see section 3.2).
While this is needed to a certain extent for the preliminary assessment, it becomes more
important during Tiers I and Il. The Tier | and 11 screening steps described in this guidance
therefore assume that:

(1) the nature and extent of contamination in the media which contain the potential vapor
intrusion source has been, or is being, adequately quantified; and,

(2) a site conceptual model, inclusive of potential vapor intrusion pathways and receptors,
has been developed and is being re-visited as new information becomes available.

At the completion of the Preliminary Assessment the investigator will have identified the areas
where VI could possibly be a problem. As Chapter 2 states, these will be those areas where

% As noted in Chapter 2, the list of substances of potential concern for the vapor intrusion pathway (Table B-1)
includes more chemicals than those defined as VOCs by WAC 173-340-200. This guidance document uses
“VOCs” as shorthand when referring to the substances of potential concern for the VI pathway.
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VOCs are present in subsurface contamination and the areas within approximately 100 lateral
feet of the contamination. Within these site areas there may be property with buildings, but
there will also be property that has not been developed. The goal of Tier | is to look at the site
areas identified in the Preliminary Assessment and determine which areas — or which portions of
these areas — may potentially be threatened by VI. Although VOCs are present in the
contamination, VOC concentrations may not be high enough to potentially create unacceptable
indoor air levels.

VI assessment can have two goals. It can be initiated to determine if
vapor intrusion is contaminating indoor air in an existing building, or it can be
undertaken to determine if vapor intrusion could pose a threat to a future
building, yet to be constructed.

While the screening tools described below for both Tiers | and Il can be used
to achieve the first goal (assessing the threat associated with an existing
building), only Tier | can help investigators meet the second goal (assessing
the threat posed to a future building). Tier Il relies upon indoor air
measurements, and can only be conducted if a building is present.

In those areas where buildings currently exist, Tier | evaluates whether subsurface contamination
has the potential to unacceptably contaminate indoor air. This evaluation is based on the existing
building and the type of receptors that currently occupy it. But when the building is not a
residential structure, it also includes an assessment of:

a) whether subsurface contamination has the potential to unacceptably contaminate indoor
air were a residential structure to replace the existing structure in the future; and,

b) whether subsurface contamination has the potential to unacceptably contaminate indoor
air if the receptors of interest were (future) residents.

In those areas where buildings do not currently exist, Tier | attempts to assess the probability that
indoor air may be impacted if a building is constructed in the future.

At the completion of the Tier | assessment, then, the investigator will have a site map showing:

¢ buildings where subsurface contamination could potentially result in unacceptable indoor
air concentrations;

e areas (property) where subsurface contamination could potentially result in unacceptable
indoor air concentrations in the future; and,

e areas (property) and buildings where subsurface contaminant concentrations are too low
to potentially result in unacceptable indoor air concentrations.

At some sites it is possible that subsurface contaminant concentrations will be too low to
potentially result in unacceptable indoor air concentrations in any site area. But if the Tier |
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assessment concludes that some VOC concentrations are sufficiently elevated to be problematic
(that is, screening levels are exceeded, or modeled predictions of indoor air concentrations
exceed acceptable levels), the existing buildings threatened (if any) should be identified.
Investigators must then determine in Tier Il whether actual indoor air VOC levels — due to VI —
are unacceptable. This entails measuring VOC concentrations in indoor air, and comparing the
measured concentrations due to vapor intrusion to acceptable levels. It will also usually mean
collecting “foundation air” (sub-slab soil gas or crawlspace air) and upwind ambient air samples.
These samples are collected to better estimate the amount of contamination that has been
contributed to the Tier Il indoor air measurement from vapor intrusion exclusively. Indoor air
quality may be affected by VI, but it is almost certainly affected by ambient (outdoor) air
contamination that has come indoors, household product emissions, and other indoor materials
emitting VOCs.

If the Tier I assessment concludes that VOC concentrations are sufficiently elevated to pose a VI
threat, but only if a) buildings are constructed in particular areas in the future, or b) the existing
building type or use changes, human health is currently protected (for this pathway). The
assessment findings should then be utilized during site remedy selection to ensure that indoor
receptors remain protected in the future.

3.1 Tier | Screening

Figure 4, the Tier | flowchart on the following page, assumes that a preliminary assessment has
already concluded that there are: a) VOCs in the subsurface, and b) buildings presently in the
vicinity of the contamination (or contaminated areas where buildings could be constructed in the
future). Nevertheless, at many sites and for many buildings the investigator will often be able to
determine, by focusing only on the nature and extent of volatile chemicals in the subsurface, that
the contaminant source is simply too weak or too far away from buildings of interest to pose an
unacceptable vapor intrusion threat. Tier | therefore asks: are the concentrations of VOCs in the
subsurface high enough to pose a potentially unacceptable threat to indoor air quality within
current or future site area buildings?

In Tier | the investigator:

e Begins by overlaying a figure showing existing building footprints and developable land
on top of the site’s VOC plume map(s).>* The buildings and property where VI may be a
concern can then be identified from their spatial relationships to the contamination.

e Measures VOC concentrations in shallow groundwater and/or soil gas (if they are not
already known) near the buildings and developable areas of concern.

o Compares measured shallow groundwater or soil gas concentrations to generic screening
levels developed using conservative (that is, health-protective) assumptions.

2 Groundwater contamination, unless it has reached a point where its lateral boundaries have stabilized, will migrate
downgradient. The assessment process must factor-in the degree to which shallow groundwater VOC
contamination is likely to expand beyond it current lateral dimensions.
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Figure 4. Tier | Assessment. The basic steps for performing a Tier 1 VI assessment.

¢ Inputs measured shallow groundwater or soil gas concentrations to a predictive model,
such as the Johnson and Ettinger Model, and derives estimates of indoor air
concentrations. These predicted concentrations can then be compared to acceptable
indoor air levels (such as Method B or C air cleanup levels).

This task (bullet #4) can be performed whether the subsurface VOC source medium is
contaminated soil or shallow groundwater. It is an unnecessary Tier | step, however, if
measured groundwater or soil gas concentrations are below generic screening levels.
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Sections 3.1.1 through 3.1.3.3 below discuss how investigators can determine if concentrations
of VOC:s in the subsurface are high enough to pose a potentially unacceptable threat to indoor air
quality within current or future site area buildings.

SUBSURFACE SOURCE TIER | ASSESSMENT APPROACH

shallow groundwater (only) Use measured groundwater concentrations (compare to SLs
or input to predictive model). See Section 3.1.1; and/or

use measured soil gas concentrations (compare to SLs or
input to predictive model). See Section 3.1.3.

vadose zone soil (only) Use measured soil gas concentrations (compare to SLs or
input to predictive model). See Section 3.1.3.

shallow groundwater and Use measured soil gas concentrations (compare to SLs or
vadose zone soil input to predictive model). See Section 3.1.3.
LNAPL (on top of the water Use measured soil gas concentrations (compare to SLs or
table) input to predictive model). See Section 3.1.3.

3.1.1 Tier I: When groundwater is the subsurface VOC source

Shallow groundwater concentration data are compared to generic groundwater screening levels
in Tier | to evaluate the need for further assessment or action to address the VI pathway. In
deriving the screening levels for groundwater shown on Table B-1 in Appendix B, assumptions
have been made about the vadose zone, threatened building, and receptors. These assumptions
are discussed below in Section 3.1.1.1. Investigators should not apply the Appendix B screening
levels if the site or buildings being evaluated are so inconsistent with these assumptions that the
resulting decisions may not be conservative.

Concentrations of suspected contaminants in groundwater are typically measured during the
remedial investigation, when the nature and extent of the contaminant plume is being
characterized. The quality and representativeness of these data will need to be assessed to
determine if they are adequate to the purpose of evaluating the VI pathway for any given
building. Groundwater measurements should accurately represent shallow (water table or
perched)zgroundwater contaminant concentrations very near, if not under, the building of
concern.

In general, for a VI screening evaluation, Ecology recommends comparing maximum building
(existing or future)-specific measured shallow groundwater concentrations to screening levels. If
these measured groundwater concentrations are below the screening values, and there is no soil
contamination or LNAPL, it is reasonable to conclude that further VI assessment is not needed.

% This generally requires: using short screens (10 feet or less); locating a portion of the screen above the water
table; and, utilizing low-flow sampling techniques to minimize VOC loss.
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In order to derive groundwater V1 screening levels, “acceptable” indoor air concentrations must
first be established. In this guidance “acceptable” indoor air concentrations are based on MTCA
Method B (or, in appropriate situations, Method C) air cleanup levels. The groundwater

screening levels in Table B-1 of Appendix B were derived, per VOC, using Equation 1 (below).

Equation 1. Generic groundwater VI screening levels
SL
SLGW = -
VAF *UCF *H
Where
SLew Screening level in groundwater protective of indoor air, ng/L
SL, Acceptable indoor air screening level, pg/m®. These levels are
concentrations protective of human health and can be calculated
using the methods and parameters in the MTCA cleanup
regulations (WAC 173-340-750).
VAF Vapor attenuation factor (VAF; unitless);*® a default value of
0.001 should be assumed in Tier |
Hcc Henry’s Law constant, unitless®’
UCF Unit conversion factor, 1000 L/m®

Groundwater screening levels calculated with Equation 1 are not site- or building-specific. They
assume an attenuation of 1000 times between soil gas concentrations at depth — in equilibrium
with shallow groundwater concentrations — and indoor air concentrations. That is, the VAF is
assumed to be 0.001. This default VAF should represent most worst case conditions. It was
found to be an adequately protective assumption for 95% of the buildings in EPA’s vapor
intrusion database (EPA, 2008).2

2% The VAF is the reciprocal of attenuation. It is defined as the indoor air concentration of a substance, due to vapor
intrusion, divided by its subsurface soil gas concentration.

2" Henry’s Law constants for many VOCs can be found in the Ecology CLARC database or are available from EPA.
The constants are temperature dependent. Screening Levels in Appendix B have been calculated using Hcc values
adjusted to 13°C (average Washington shallow groundwater temperature).

28 85% of the buildings in this database were residences. 10% were commercial buildings and 5% were “multi-use
(a mixture of residential and non-residential).
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3.1.1.1 Tier I: Limitations to the use of groundwater data for screening

Screening levels are based on a number of assumptions. Site or building conditions may be
different than what has been assumed in calculating these levels. The limitations discussed
below, associated with using this guidance’s screening levels, also apply when groundwater
VOC concentrations are input to a model (like the Johnson and Ettinger Model) to predict indoor
air concentrations. If one or more of the five conditions apply to the site being assessed, Ecology
generally recommends that investigators collect Tier I soil gas samples (as discussed in Section
3.1.3) or proceed to Tier Il (Section 3.2).

(1) Table B-1 screening levels assume the vadose zone geology is not fractured bedrock, or
Karst, with significant vertical fissuring. For this type of geology, the default VAF of
0.001 — and resulting groundwater screening levels — may not be conservative.

(2) If utility lines are present in the area and have been laid in trenches bedded and backfilled
with relatively permeable materials, these “corridors” may present preferential pathways
for the movement of gas-phase VOCs. Table B-1’s groundwater screening levels may
not be conservative in these cases.?

(3) If utility lines penetrate the floor or walls and leave large unsealed openings into a
building, if there are sumps in the floor of the building that are “open” to soil gas, or if
the building has an earthen floor, relatively more soil gas may enter the structure than is
assumed when applying a VAF of 0.001. Table B-1’s screening levels, therefore, may
not be conservative in these cases.*

(4) If the water table is very shallow (less than 15 feet bgs or within a few feet of the
building’s lowest floor), very little attenuation is likely to occur in the vadose zone. In
these cases, assuming an attenuation of 1000 times (a VAF of 0.001) may not be
conservative and the screening levels in Table B-1 may not be adequately protective.

(5) The screening levels assume there is no LNAPL on top of the water table. 1f LNAPL is
present, the screening levels may not be conservative, and are unlikely to be relevant.
That is, where (and while) LNAPL covers the water table the VI source is the LNAPL
itself, not the groundwater.

3.1.1.2 Tier I: Petroleum hydrocarbons in shallow groundwater

For the readily biodegradable petroleum components benzene, toluene, ethylbenzene, and
xylenes (BTEX), Ecology will allow the assumption of ten times more attenuation when deriving
generic groundwater screening levels, as long as subsurface conditions clearly favor a
considerable degree of biodegradation. That is, for vadose zone conditions favoring aerobic
biodegradation, and where the distance from the structure to the water table is more than a few

2 Utility corridors can provide preferential pathways for lateral VOC molecular movement in soil gas. If this
occurs, groundwater concentration spatial patterns may not be good indicators of overlying soil gas concentrations.

%A VAF of 0.001 assumes that soil gas primarily enters buildings through small cracks in floors and at the footprint
perimeter where the floor and walls interface. If, in actuality, intrusion occurs through significantly larger
openings, this VAF value may not be sufficiently conservative.
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meters, the groundwater to indoor air VAF can usually be assumed to be at least 0.0001 for these
aromatic petroleum hydrocarbons. Investigators can therefore multiply the shallow groundwater
screening levels in Table B-1 by ten for these constituents.

Note: if this is done, Ecology will then require site investigators to document conditions
favorable to aerobic degradation. Such conditions require sufficient vadose zone oxygen content
(4% or higher) and other conditions described by DeVaull (1997 & 2002).%* Alternatively,
investigators may demonstrate, through sampling that site soil gas actually attenuates to this
degree within the vadose zone.

3.1.1.3 Tier I: When shallow groundwater VOC concentrations exceed screening levels

When shallow groundwater VOC concentrations in the vicinity of a building are below screening
values, there is no soil contamination or LNAPL, and the assumptions of section 3.1.1.1 are not
contradicted, it is reasonable to conclude that further assessment to address vapor intrusion is not
needed. But if groundwater concentrations are above the generic screening values, further
evaluation and/or action is needed. If the building of concern is an existing structure, the options
include:

e Predicting maximum (that is, conservative estimates of) indoor air concentrations using
the Johnson and Ettinger model (JEM) with conservative assumptions.* When site
groundwater concentrations exceed Table B-1’s screening levels, the JEM can be used to
improve attenuation estimates based on site-specific considerations. This may lead to
derived VAF estimates significantly lower than 0.001. Ecology recommendations
regarding use of the JEM are included in Appendix D.

If the JEM derives predicted indoor air concentrations that are above acceptable indoor
air levels, or if site and/or building conditions disqualify the model’s use, Tier I
assessment, collection of soil gas samples, or mitigation is required. But JEM predictions
can also offer a Tier 1 off-ramp, similarly to a comparison to generic screening levels. It
is reasonable to conclude that further vapor intrusion assessment is not needed if:

a) measured groundwater concentrations used in the JEM predict indoor air
concentrations that are below acceptable levels,

b) the JEM has been used conservatively,
c) there is no soil contamination or LNAPL, and

d) the limitations noted above in 3.1.1.1 and in Appendix D are not violated.

e Collecting and evaluating soil gas data (see Section 3.1.3 below).

%1 Other vadose zone attributes conducive to aerobic biodegradation include sufficient soil moisture (available water
greater than the wilting potential), an energy source (hydrocarbons), inorganic mineral nutrients (such as nitrate,
phosphate, ammonia at natural background levels), and the presence of BTEX degrading microbes. See DeVaull,
1997 and 2002.

Note: The New Jersey VI guidance (2005) recommends multiplying the groundwater screening level by 10
for BTEX constituents.

%2 Generally, this step is only recommended if the screening levels are exceeded by less than 100 times.
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e Proceeding to Tier Il assessment (see Section 3.2 below).
e Implementing mitigation measures (see Chapter 5 below).

Where the building of concern is not an existing structure, fewer options are available. In this
case the investigator can either:

e Predict maximum indoor air concentrations using the JEM as described above. Itis
reasonable to conclude that further vapor intrusion assessment is not needed if: a)
measured groundwater concentrations input to the JEM predict indoor air concentrations
that are below acceptable levels, b) the JEM has been used conservatively, c)
conservative dimensions and other properties for a hypothetical future residential
structure have been input to the model,*® d) there is no soil contamination or LNAPL, and
e) the limitations noted above in 3.1.1.1 and in Appendix D are not violated. Or,

e Collect and evaluate soil gas data (see Section 3.1.3 below).
3.1.2 Tier I: When contaminated vadose zone soil is the subsurface VOC source

If soils are contaminated with chemicals identified in Appendix B and a building is, or could be,
nearby, the potential exists that VI could lead to unacceptable indoor air levels. Unlike
groundwater, soil VOC concentration data are not used in Tier | to evaluate the need for further
action to address the VI pathway.>* Instead, if soil is contaminated with one or more of the
substances in Appendix B, Ecology recommends that soil gas (and/or indoor air) usually be
sampled to determine the potential vapor intrusion threat to nearby buildings. Tier I soil gas
screening is described in Section 3.1.3 below.

3.1.3 Tier I: Using Soil Gas Concentration Data

When the subsurface VOC source is contaminated soils (in the vadose zone), shallow
groundwater, LNAPL, a combination of these three, or simply soil gas itself,** soil gas
concentration data can be used in Tier | to determine whether further evaluation is needed in Tier
Il to address the vapor intrusion pathway at existing buildings. These data can also be used, like
groundwater data, to determine if the site cleanup action needs to address the potential for VI in
future (not yet constructed) buildings. 1f measured concentrations are below levels that could
lead to unacceptable indoor air concentrations, it is reasonable to conclude during Tier | that no
further VI assessment is needed.

Investigators can utilize sub-slab or deeper soil gas concentrations during Tier | to estimate the
strength of the potential VI source. Sub-slab sampling refers to the collection of soil vapors

% This assumes that the investigator is attempting to evaluate the parcel/area for unrestricted use. If the assessment
has a different goal, and the investigator is instead attempting to determine the vapor intrusion potential for a
different type of future building, that building’s dimensions may be input, if known.

¥ EPA has recommended that investigators not rely upon the JEM for deriving VOC soil matrix screening levels
protective of the vapor intrusion pathway. The Agency believes that the associated (total) uncertainty is
unacceptably high. See EPA 2002.

®At some sites (drycleaners, e.g.) there is the potential for a vapor release to the subsurface that only contaminates
soil gas, not groundwater or vadose zone soils.
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immediately beneath the basement floor or slab of the building of concern, often above the soil
of fill layer in contact with the slab. Deeper soil gas samples are collected above the VOC
source, whether this sample location is directly beneath the slab or outside of the footprint of the
building of concern.

When groundwater is the only VI source, investigators should typically either collect sub-slab
soil gas samples or soil gas samples just above the water table’s capillary zone. For vadose zone
VI sources, soil gas samples should usually be collected either sub-slab or just above the top of
the soil contamination.

Measured soil gas concentrations are compared to generic screening levels or input to a model,
like the JEM, and used to predict indoor air concentrations. As with groundwater, “acceptable”
indoor air concentrations must be established before deriving generic soil gas screening levels.
In this guidance acceptable indoor air concentrations are based on MTCA Method B (or, in
appropriate situations, Method C) air cleanup levels. The screening levels in Table B-1 of
Appendix B were derived, per VOC, using Equation 2 below.

Equation 2. Generic soil gas VI screening levels

_ SL,
VAF

SLg

Where

SLgg Screening level in soil gas protective of indoor air, pg/m®

SL,, Acceptable indoor air screening level, pg/m?

VAF Vapor attenuation factor (unitless). A default value of 0.1
should be assumed during Tier | when SLg, will be compared
to a sub-slab or shallow soil gas measurement. 0.01 should be
assumed when SL. is compared to a deep measurement.*

* EPA’s draft VI guidance document (2002) suggests that generic soil gas screening levels can be utilized to assess
the potential for unacceptable indoor air impacts. EPA’s document recommends screening levels based on a VAF
(which they, consistent with the JEM, denote as “a”) of 0.1 for soil gas collected sub-slab. Screening levels based
on a VAF of 0.01 are recommended for soil gas collected at greater depths.

On March 4, 2008, however, EPA issued another draft document entitled “Vapor Intrusion Database:
Preliminary Evaluation of Attenuation Factors.” For soil gas detections above the analytical reporting level, the
95™ percentile database VVAF was calculated to be about 0.3 (with a median value between 0.01 and 0.001). The
sub-slab 95™ percentile database VVAF was calculated to be between 0.15 and 0.48 (with a median value similar to
the soil gas value; again, only sub-slab detections above the reporting limit were used in the calculation). This
suggests the possibility of certain scenarios leading to less attenuation than assumed in EPA’s 2002 screening level
recommendations. EPA does not appear to understand what these scenarios are (or, at least, understand them well
enough to be able to advocate default attenuation factors for only a subset of the conditions an investigator might
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Soil gas screening levels calculated with Equation 2 are not site- or building-specific. They
assume an attenuation of:

a) 10 times between sub-slab soil gas concentrations and indoor air concentrations; and,
b) 100 times between soil gas concentrations at depth and indoor air concentrations.

This should lead to conservative decision-making at most sites.

In deriving soil gas screening levels assumptions must be made about the vadose zone,
threatened building, and who the potentially exposed occupants are. These assumptions are
discussed in Section 3.1.3.1. Investigators should not rely upon comparisons to screening levels
or on predicted indoor air concentrations for decision-making in Tier | if the site and/or building
being evaluated are so inconsistent with these assumptions that the resulting decisions may not
be conservative.

Furthermore, even when shallow soil gas samples are collected close enough to the building to
represent soil gas under the building, there may simply not be enough vadose zone between the
sample depth and the building to justify assuming a VAF of 0.01. For samples collected
shallower than 15 feet below ground surface (bgs), therefore, measurements should be compared
to Appendix B’s “sub-slab soil gas screening levels,” not the “deep soil gas screening levels.”

Soil gas measurements should accurately represent sub-slab contaminant concentrations, or
deeper concentrations laterally near the building of concern. This also holds for soil gas samples
collected to evaluate potential VI impacts for a building that could be constructed in the future.
In general, for a VI screening evaluation, Ecology recommends using the maximum measured
soil gas VOC concentrations associated with each existing or future building when comparing to
screening levels or as inputs to a model. If these measured soil gas concentrations are below
screening levels or predict acceptable indoor air concentrations it is reasonable to conclude that
no further assessment is needed.

Due to the possibility of diluting the collected soil gas with atmospheric air, samples should not
be collected from depths shallower than 5 feet bgs (unless located sub-slab). As a general rule,
soil gas samples — other than sub-slab samples — should be collected right above the subsurface
contamination (the VI source). Samples collected near the source often display less spatial
variability in measured concentration levels, and investigators can usually sample from a
relatively small number of points (laterally). When samples are collected from shallower depths,
Ecology will generally require a larger number of collection points (that is, a denser sampling
design).

When the VOC source is close to the ground surface or basement floor, soil gas samples other
than sub-slab samples should be collected right above the top of the contamination. But samples
collected from depths this close to the ground surface (assuming they are not collected directly

encounter). Consequently, Ecology only recommends using generic soil gas screening levels during Tier 1 after
consideration of the “limitations” discussed in Section 3.1.3.1.
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below the building), may not represent soil gas at the same depth directly below the building
being evaluated. When relatively shallow samples are collected beyond the building footprint,
the potential exists for underestimating soil gas concentrations immediately below the building.
The uncertainty associated with adequately representing soil gas concentrations just below the
building increases as shallow samples are collected further from the building of concern.

Soil gas measurement depths:

e Sub-slab. Compare results to the Appendix B sub-slab soil gas screening levels.
e If not sub-slab:
(1) collect samples deeper than 5’ bgs.
(2) collect samples just above the subsurface VI source.
(3) for samples collected ~5-15" bgs, compare results to the Appendix B sub-
slab soil gas screening levels.
(4) for samples collected deeper than ~15’ bgs, compare results to the
Appendix B deep soil gas screening levels.

The quality and representativeness of soil gas data are critical and will need to be assessed to
determine if they are adequate for the purpose of evaluating the VI pathway at any given site and
building. To acquire soil gas data that are representative of the depth of interest and locations
(laterally) where gas could infiltrate the building, multiple samples will be necessary.
Significant spatial variability in concentrations can be expected.

Soil gas samples for vapor intrusion decision-making are typically collected using Summa
canisters, and analyzed per Method TO-15 (for VOCs).*" Ecology expects soil gas sampling for
vapor intrusion assessment to be documented in a pre-investigation work plan (sampling and
analysis plan and project-specific quality assurance plan) and post-sampling report.
Recommendations for VI-related soil gas sampling are provided in Appendix C.

3.1.3.1 Tier I: Limitations to the use of soil gas concentrations when predicting indoor air
concentrations

The limitation on using groundwater screening levels when LNAPL is present on top of the

%" There may be good site-specific reasons for analyzing soil gas samples via SW-846 Method 8260. For example,
where reporting limits do not need to be as low as those customarily attainable by TO-15, this may be a less costly
option. Readers are referred to Air Toxics Limited’s presentation to the April 2005 Air and Waste Management
Association’s Symposium on Air Quality Measurement Methods and Technology
(http://www.airtoxics.com/literature/papers/Final_ AWMA_TO15 8260.pdf).

In addition, most V1 investigations will focus on subsurface VOCs (as defined in WAC 173-340-200). But
as noted earlier, there are some substances included in Table B-1 that cannot be quantified via Method TO-15. If
the investigator believes that soil gas may contain elevated concentrations of these constituents, alternative
collection and analytical methods must be used to determine whether the substances may pose a potential vapor
intrusion threat. Chlordane and heptachlor are examples. Quantify their presence in soil gas will require sampling
methods other than TO-15 or TO-14. Naphthalene is another example. Although there are certain scenarios where
naphthalene can be analyzed via TO-15, Method TO-17 is generally the preferred method.
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water table need not limit the use of soil gas screening levels as long as the NAPL is below the
depth of the soil gas collection/measurement. The first four limitations noted in Section 3.1.1.1,
though, also apply to soil gas collected at depth. That is,

(1) Table B-1 screening levels assume the vadose zone geology is not fractured bedrock, or
Karst, with significant vertical fissuring. A VAF of 0.01, and hence, the soil gas
screening levels, may not be conservative for this type of geology.

(2) If utility lines are present in the area and have been laid in trenches bedded and backfilled
with relatively permeable materials, these “corridors” may present preferential pathways
for the movement of gas-phase VOCs. Table B-1’s soil gas screening levels may not be
conservative in these cases.

(3) If utility lines penetrate the floor or walls and leave large unsealed openings, or if there
are sumps in the floor of the building that are “open” to soil gas, relatively more soil gas
may enter the structure than is assumed when applying a VAF of 0.01. Table B-1’s
screening levels, therefore, may not be conservative in these cases.

(4) If the contamination is very shallow (within a few feet of the building’s lowest floor),
very little attenuation is likely to occur in the vadose zone. An assumption of 100 times
attenuation (a VAF of 0.01) and the resulting screening levels in Table B-1 are unlikely
to be conservative in these cases.

“Deep” soil gas screening levels can only be used for comparison to soil gas
measurements if there is a suitable distance between the sample collection (or
measurement) depth and the building’s foundation. As with the groundwater screening
levels, an assumption is being made in the derivation of the screening levels that vapor
concentrations attenuate at least 10 times within the vadose zone between the
measurement point and the sub-slab zone. If the vadose zone is only a few feet thick, or
if contamination in that zone is shallow, this is a poor assumption and the deep screening
levels are not appropriate. Likewise, if the investigator has simply chosen to collect soil
gas at a relatively shallow depth, comparing the results to deep screening levels is usually
inappropriate. As noted above in Section 3.1.3, samples should be collected at least 15
feet bgs if the “deep” soil gas screening levels will be applied.

There are few limitations associated with using sub-slab soil gas data. However, if utility lines
penetrate the floor or walls and leave large unsealed openings, if there are sumps in the floor of
the building that are “open” to soil gas, or if the building has an earthen floor, a VAF of 0.1 may
not be conservative.

3.1.3.2 Tier |: Petroleum hydrocarbons in soil gas

As noted above, for certain petroleum hydrocarbon constituents that biodegrade significantly in
the vapor phase, Ecology allows an additional attenuation factor of ten when subsurface
conditions favor biodegradation. For conditions favoring biodegradation, then, and where the
distance from the structure to the soil gas measurement is more than a few meters, the Table B-1
deep soil gas screening levels for BTEX constituents may be multiplied by ten (or, the indoor

3-13



BTEX concentration derived from inputting deep soil gas measurements to the JEM may be
divided by 10).

No assumed biodegradation factor should be applied to sub-slab measurements or soil gas
measurements collected from depths close to ground surface (or the basement floor). In addition,
as noted above during the discussion of modifying groundwater screening levels, if enhanced
BTEX attenuation is assumed, Ecology will require investigators to document site conditions
favorable to aerobic degradation. Such conditions require sufficient vadose zone oxygen content
(4% or higher) and the other attributes noted in Section 3.1.1.2. Alternatively, investigators may
demonstrate, through sampling that site soil gas actually attenuates to this degree within the
vadose zone.

3.1.3.3 Tier I: When soil gas VOC concentrations exceed screening levels

When soil gas VOC concentrations in the vicinity of an existing or future building are below
screening levels, and the limitations of 3.1.3.1 are not contradicted, it is reasonable to conclude
that further assessment to address vapor intrusion is not needed. But if concentrations are above
the generic screening values, or if Tier | assessment tools cannot be used due to site or building
conditions, further evaluation or action is needed. The options include:

e Proceeding to Tier Il assessment (Section 3.2), if an existing building appears to be
potentially threatened.

e Predicting maximum indoor air concentrations using the JEM.*® JEM predictions can
offer a Tier 1 off-ramp, similarly to a comparison to generic screening levels. Further
vapor intrusion assessment is not needed if the following conditions are met:

a) measured soil gas concentrations input to the JEM predict indoor air
concentrations below acceptable levels,

b) the JEM is used ina conservative manner (as described in Appendix D), and,

c) the limitations specified in section 3.1.3.1 are not violated.

If the JEM predicts unacceptable indoor air VOC concentrations within an existing
building, or if site and/or building conditions disqualify its use, the investigator will need
to proceed to Tier 1l or mitigate.

If the building of concern is not an existing structure, the investigator can still use the
JEM, but must input conservative dimensions and other properties, appropriate for a
hypothetical future residence.® In this case, if the JEM predicts unacceptable indoor air
VOC concentrations, the investigator will need to address the potential VI threat as part
of the site cleanup action.

e Implementing mitigation measures (see Chapter 5 below).

% Again, this is generally only recommended if the screening levels are exceeded by less than 100 times.

% As noted in Section 3.1.2, this assumes that the investigator is attempting to evaluate the parcel/area for
unrestricted use. If, instead, the investigator is attempting to determine the vapor intrusion potential for a different
type of future building, that building’s dimensions may be input, if known.
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As explained in Section 3.1.1.3, when shallow site groundwater appears to contain VOC levels
high enough to pose an unacceptable VI threat, investigators have the option of collecting soil
gas samples before sampling indoor air (Tier Il). If soil gas is sampled, then, the investigator
will have two “lines of evidence” for assessing the strength of the subsurface VI source:
groundwater concentration data and soil gas concentration data. Measured soil gas VOC levels,
unlike groundwater levels, may suggest that subsurface contamination is too weak to lead to
unacceptable indoor air concentrations. In these cases Ecology expects both lines of evidence to
be evaluated before deciding whether further assessment, or other VI-related action, is needed.*’

Investigators who have only sampled soil gas at depth also have the option of collecting
additional, shallower soil gas data. For example, soil gas may be collected at various depths
between the subsurface source and the building to better determine the actual degree of
attenuation occurring in the vadose zone. Again, though, in these cases Ecology expects all
relevant lines of evidence — including the deep measurements — to be evaluated before deciding
whether further assessment, or other VI-related action, is needed.

3.2 Tier Il Assessment

When Tier | screening fails to lead to a VI assessment off-ramp, the next steps are dictated by
whether the building of concern currently exists. If no buildings currently exist, the assessment
phase ends with the completion of Tier I. A Tier Il assessment cannot be performed unless (or
until) there is a building present. Readers may refer to Chapter 6 for a discussion of how the
pathway should be addressed later in the cleanup process, whenever subsurface contamination
poses a future VI threat.

When the building of concern is an existing structure, Tier Il assessment can be used to
determine what impact vapor intrusion is actually having on its indoor air. This requires that
samples of indoor air be collected and analyzed. At the time indoor air samples are collected the
investigator should typically also sample sub-slab soil gas or crawlspace air, as well as building-
specific ambient (outdoor) air.** The results can then be evaluated together to better estimate
how much of the measured indoor air contamination is likely to be due to vapor intrusion.
Indoor air contaminant concentrations due to vapor intrusion are compared to acceptable indoor
air levels in Tier 1l to determine the degree to which the pathway may be currently exposing
receptors to subsurface contamination.

When developing a Tier 1l sampling and analysis plan, investigators should begin by
constructing a site conceptual model. The purpose of such models is to provide a conceptual
understanding of the potential for indoor exposures to contaminants based on the sources of

0 Measured soil gas concentrations can be lower than levels predicted from shallow groundwater concentrations for
good reasons, and this is why Ecology often recommends that soil gas be measured when the VI source is VOC-
contaminated groundwater that only marginally exceeds screening levels. When the only contaminants of concern
are BTEX, for example, or the groundwater screening levels are only marginally exceeded, sampling soil gas can
improve VI decision-making. However, soil gas measurements do not necessarily represent the actual subsurface
VI threat better than shallow groundwater measurements. The quality and representativeness of both data sets
should be assessed, and the reasons for obtaining soil gas concentrations lower than screening levels well-
understood, before deciding in these cases to base the Tier I decision more on soil gas than groundwater results.

1 When the guidance refers here and in later sections to “ambient air” we mean air outside the building and outside
of any crawlspace below the building.
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contamination, the transport media, and likely intrusion routes. To be optimally useful for VI
purposes the model should generally be building-specific and should, for each building, contain
the following elements:

a)

b)

d)

A plan view drawing of the building, showing its spatial relationship to the VOC
source. If the source is shallow ground water, the ground water flow direction
should be shown and estimates of nearby concentration contours for the VOCs of
concern included.

If the building has an HVAC system, the drawing should show how air moves
within the building and which rooms — if any — are pressurized when the HVAC
system is operating.

A cross-sectional view of the building, unsaturated zone, and shallow ground
water zone. The drawing should depict: how deep the water table is, how deep
the VI source is (if it is not the water table), any perched saturated zones, how
deep the building foundation extends, the vadose zone strata, and any NAPL
known to be present. Ceiling heights should be indicated. Any foundation/
basement features of particular interest should be noted or depicted (such as
sumps or other likely soil vapor routes into the building). Sectional-views should
be drawn as realistically, and site-specifically, as possible. Even if rough, or hand-
drawn, they should attempt to capture the critical characteristics (for VI
assessment) of the unsaturated zone and building architecture.

A narrative section. This portion of the model should discuss the figures
mentioned above and provide explanations for any critical assumptions made in
depicting site conditions. It places the VI assessment in context and describes the
originating source of the VOC contamination associated with the site (including
estimates of release mass and age).

Readers interested in a fuller description of VI conceptual models and their uses should refer to
Section 1.2 of ITRC 2007 and Chapter 2 of NJDEP 2005.

Once the sampling and analysis plan has been prepared, the sampling event may be scheduled.
Please see Figure 5 on the following page for a summary of the Tier Il process.

3.2.1 Tier ll indoor air sampling events

Indoor air concentration data are used in Tier Il to estimate indoor air VOC concentrations due
exclusively to vapor intrusion. Ecology expects all Tier Il indoor air sampling to be documented
in a pre-investigation work plan (sampling and analysis plan and quality assurance project plan)
and post-sampling report. In the work plan Summa™-type canisters should generally be
proposed for sample collection, with samples being analyzed via Method TO-15 (for
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- SOPs and a Quality Assurance Project Plan
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Instruct occupants about sampling period activities.
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concentrations, corrected for assess the VI pathway
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acceptable levels? See Section3.2.4
Evaluate other finesof evidence.
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unacceptable YIimpact? further for this building.
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Mitigation or other interim action may be necessary. See ChapterS.

Figure 5. Tier Il assessment process.

The figure summarizes the basic Tier 11 steps.
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VOCs).* The analyte list should include those VOCs detected in the subsurface in the vicinity
of the building.

The canisters used for indoor, outdoor, and crawlspace sampling will
typically hold six liters of sample and be regulated to collect air over
24 hours (for homes) or 8 hours (for businesses). At a minimum, the
lowest occupied level of the building should be sampled, with
sampling designed to measure reasonable worst case (“upper bound”-
type) VI conditions, indoor air impacts, and receptor exposures.*?

During Tier Il investigations, indoor air may only be sampled once or -~
twice before a decision is made regarding mitigation (or the need for a 4 S
cleanup action). With such infrequent sampling it is difficult to know —

if the VOC concentrations measured represent average population levels, median levels, RME-
type levels (95% UCLs on the means), or sub-average levels. This is generally the case despite
the investigator’s best efforts to design the study to measure reasonable worst case-type VI
impacts. Consequently, Ecology recommends that during Tier Il the maximum VOC
concentrations measured from “occupiable” indoor areas be used when comparing to acceptable
indoor air levels.*!

This guidance does not include detailed recommendations for how to collect indoor air samples
or Standard Operating Procedures for sampling. Detailed recommendations for VI-related
indoor air sampling are included in several excellent state guidances. These include:

o The California Environmental Protection Agency, Department of Toxic Substance
Control’s February 2005 Guidance for the Evaluation and Mitigation of Subsurface
Vapor Intrusion to Indoor Air.

o The Massachusetts Department of Environmental Protection’s August 2007 Standard
Operating Procedure for Indoor Air Contamination and April 2002 Indoor Air Sampling
and Evaluation Guide

Good discussions of VI-related indoor air sampling are also contained in: the Colorado
Department of Public Health and Environment’s September 2004 Indoor Air Guidance; chapter
6 of the New Jersey Department of Environmental Protection’s (NJDEP’s) October 2005 Vapor

*As noted earlier, the guidance document uses “VOCs” as shorthand when referring to the substances of potential
concern. Some Table B-1 substances cannot be quantified via Method TO-15. If the investigator believes that soil
gas may contain elevated concentrations of these contaminants, alternative indoor air collection and analytical
methods must be used to determine whether they pose a vapor intrusion threat

“Generally speaking, periods when the building is “depressurized” are considered reasonable worst case VI
conditions. Depressurized in this context refers to a lower indoor pressure relative to outdoor and subsurface
pressures. This often occurs during the “heating season” when the air temperature indoors is significantly higher
than outdoor temperatures, and ventilating the interior space with outdoor air is minimized. It can also occur
during periods of falling barometric pressure when indoor and outdoor pressures are less than subsurface pressure.
Other conditions may also favor vapor intrusion, such as frozen or wet ground conditions, if soil gas contaminants
preferentially migrate to the area beneath buildings.

* «occupiable” meaning: regularly occupied living spaces such as bedrooms, dining rooms, living rooms, family
rooms, Kitchens, etc. Sampling shouldn’t be conducted in spaces not normally occupied for lengthy time periods
such as closets, furnace rooms, etc.
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Intrusion Guidance; and, the New York State Department of Health’s October 2006 Guidance
for Evaluating Soil Vapor Intrusion in the State of New York.

3.2.1.1 Tier II: Minimizing indoor VOC contributions to the indoor air measurement

Background concentrations of VOCs can be a significant confounding factor in determining how
much impact, if any, subsurface contamination sources are having on indoor VOC levels.
Background concentrations can be due to either outdoor or indoor sources. Minimizing
background contributions to indoor air contamination is critical to the vapor intrusion assessment
if those contributions cannot be easily quantified.

Common household cleaners, solvents, paints, and adhesives; cigarette smoke; and, automobile
exhaust from attached garages, all contain VOCs that may contribute to background indoor air
VOC contamination. Ecology recommends removing, isolating, or controlling indoor volatile
hazardous substances as much as possible prior to and during indoor air sampling. If the sources
are portable, removing them is usually the most effective means of keeping their emissions from
adding to the indoor air measurement.* Once indoor VOC emitters are removed, the area should
be well-ventilated before sampling begins. Failure to identify and then remove or isolate indoor
VOC emitters can lead to false indications of VI impact.

3.2.1.2 Tier Il: Estimating ambient air contributions to the indoor air measurement

Upwind ambient air sampling is typically conducted as an adjunct to indoor air sampling in order
to estimate the background contribution of certain VOCs to measured indoor concentrations. A
simplifying assumption can be made that in the absence of indoor VOC emitters and vapor
intrusion impacts, VOC levels indoors should be approximately the same as VOC concentrations
measured in the outdoor air that is supplying the building (see Section 3.2.3 below).*

Ambient air samples should be collected and analyzed using procedures similar to those used for
indoor air sampling. Ecology recommends using Summa canisters as collection devices and
collecting the samples concurrently with indoor air samples.*” Detailed recommendations for VI-
related ambient air sampling are not included in this guidance, but are contained in several
excellent state and federal documents. These include the documents referred to in Appendix C
and 3.2.1 above.

** This is commonly done several days before the onset of indoor air sampling, when the investigator surveys the
indoor environment and notes potential VOC emitters (and especially those that may emit the same VOCs detected
in subsurface contamination).

“® Note that this discussion pertains to situations where ambient air data is being collected during a VI investigation
to estimate the impact of outdoor air contamination on an indoor air measurement (which, as the text explains, will
generally involve subtracting the ambient measurement results from the indoor air measurement results). Ambient
air sampling may be conducted for other purposes. If, for example, the sampling is being conducted to develop a
background air cleanup level based on statistics, the samples should be collected upgradient of any area potentially
influenced by the site. See WAC 173-340-709 for requirements for establishing background concentrations for
adjusting cleanup levels.

47 Other states and EPA recommend that ambient collections begin at least one hour, and preferably 2 hours, before
the indoor collection, and that sampling be terminated no more than 30 minutes after the indoor air collection is
stopped (1993 EPA Air/Superfund National Technical Guidance, EPA-451/R-93-012). A small offset such as this
makes sense, but it may also be impractical in certain cases to have different sampling-time periods.
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When siting ambient air stations the investigator should keep in mind why ambient data are
needed for the Tier 11 VI investigation, and what each sample is supposed to represent. This is
true for ambient stations used during the assessment of either a single building or a group of
buildings. Since Tier Il ambient data are usually needed to estimate ambient VOC contributions
to indoor air measurements, Ecology recommends:

a) siting the station upwind of the building being investigated (predictions of wind direction
can be obtained from various local meteorological resources);

b) siting the station near the building being investigated, but not so close as to be influenced
by VOC emissions emanating from that building;

c) locating the canister inlet well above the ground surface (approximately 2-3 meters); and,

d) locating the inlet well away from trees, airflow obstructions, and point sources of VOC
emissions.

3.2.2 Tier Il soil gas and/or crawlspace air sampling

During Tier I, sub-slab soil gas results can be used to help estimate the vapor intrusion
contribution to the measured indoor air concentration. For this reason, sub-slab soil gas
sampling is typically conducted when indoor air is sampled inside buildings that have basements
or are constructed slab-on-grade.

Similarly, crawlspace samples may be collected between the floor of the building of concern and
the surface soil of the crawlspace. These samples are generally located below any obvious floor
penetrations, and well away from perimeter vents. Though they often result in VOC
concentrations very similar to those found in first floor indoor samples, if crawlspace sample
concentrations are higher than those detected in ambient and indoor air, it is an indication that VI
may be contributing to indoor air contamination.*®

Sub-slab soil gas and crawlspace air samples should usually be collected at the same time, or
nearly the same time, as indoor air samples. Generally they are collected using Summa canisters
and analyzed per Method TO-15 (for VOCs). Detailed recommendations for VI-related sub-slab
soil gas and crawlspace sampling are not included here, but are contained in a number of
references, including those noted above in Appendix C and Section 3.2.1.

3.2.3 Tier ll: Estimating the indoor air concentration due to VI

The vapor intrusion assessment focus is not on general indoor air contamination, but on the
subsurface contribution to indoor air contamination. It is expected that most measurements of
indoor air VOCs will be affected by “background” sources, and Ecology recommends that
measured indoor air concentrations be corrected for this contribution if it can be done
conservatively. Failing to accurately account for background VOC contributions can lead to
exaggerating the perceived degree of vapor intrusion and installing unneeded mitigation systems.

“® Because crawlspace sampling often results in VOC concentrations very similar to those found in first floor indoor
samples, EPA does not recommend that any attenuation be assumed between crawlspace air and indoor air.
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Not only does unneeded mitigation entail unnecessary cost, but the installed system will not be
effective (that is, it will be unable to reduce indoor air VOC concentrations to target levels.).

There are numerous methods for estimating background indoor VOC concentrations. Ecology
recommends basing estimates of the background contribution on building-specific ambient air
measurements. Indoor air measurements may be adjusted (that is, corrected) by subtracting these
estimates when the estimates are based on ambient air measurements concurrently taken upwind
of the building(s) in which indoor air samples are being obtained. This is, admittedly, an
imperfect approach. It will obviously not account for any indoor VOC source contributions
and/or indoor sinks (materials inside the building that absorb VOCs and then slowly emit them
over time). Nor can it be assumed that an ambient air measurement near a building is truly an
accurate reflection of the ambient air contribution to a particular VOC measurement associated
with some indoor sampling location over one 24-hour period. Often there are only one, or
perhaps two, Tier Il ambient air sampling stations per building.

It appears, however, that:

a) this approach provides a reasonable estimate of the ambient contribution.*®
Actions/studies to better quantify the actual ambient contribution per building appear to
be disproportionately costly, and resource-intensive, and lack any standardization; and,

b) even though there are multiple indoor air VOC databases, there is no properly
conservative method for quantifying the indoor VOC-source contribution at any given

building.>®

Ecology therefore suggests that investigators use building-specific upwind ambient air
measurement data as follows:

e When the measured building-specific upwind ambient air VOC level is the same or
higher than the measured maximum indoor concentration for that VOC, assume that V1 is
unlikely to be significantly impacting indoor air quality. In this situation the ambient
contribution to the indoor air concentration is probably close to 100%.

e When the measured indoor air concentration of a particular site-related VOC exceeds the
measured ambient concentration of that VOC, assume that the contribution from ambient
sources to the indoor air measurement is close to the measured ambient concentration.
The VI contribution, which should be compared to acceptable indoor air levels, is the
difference between the indoor measurement and the ambient measurement.

3.2.4 Tier Il decision-making

This guidance does not suggest how PLPs should design indoor air sampling events to ensure
that reasonable worst case VOC concentrations (due to VI) are measured. Nor does it
recommend how many Tier Il sampling events should be performed before concluding that

* As long as the investigator is confident that the measured VOC levels represent the VOC concentrations in
ambient air likely to have impacted indoor air quality within the building of interest during the sampling period.
%0 See the next section (3.2.4) for a discussion of Ecology’s recommended use of indoor air databases.
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indoor air quality is not being unacceptably impacted by VI. We believe these must be site- and
building-specific decisions. In deciding how many events are merited, investigators will need to
consider: a) the degree of soil gas contamination (higher concentrations suggesting the need for
more than one event); b) the indoor air results (concentrations approaching acceptable levels
suggesting the need for more than one event); and, c) the building and meteorological conditions
encountered at the time of sampling (sampling during a season other than the “heating season,”
for example, usually suggests the need for at least an additional event during a colder period).

When maximum measured indoor VOC concentrations, “corrected” as described above, are
below Method B (or C, if applicable) air cleanup levels it is reasonable to conclude that vapor
intrusion is not currently posing a problem requiring action. When a decision is made to not
mitigate, however, the Tier II “off-ramp” may not always be a conclusion of the assessment.
Further actions may be needed to improve confidence in the protectiveness of the investigator’s
decision. Especially in those cases where soil gas levels are significantly elevated, indoor air
will commonly need to be sampled more than once. It may even need to be sampled on a routine
basis to ensure that indoor VOC levels remain consistently acceptable. Sometimes, due to the
cost of such monitoring, installation of a mitigation system may actually be a more cost-effective
response (assuming that post-mitigation monitoring requirements would be less onerous/costly).

If Tier Il indoor air concentrations are above acceptable levels and it appears that the vapor
intrusion contribution has led to concentrations above acceptable levels, action must be taken.
Where measured indoor concentrations are well above acceptable levels, mitigation or other
effective actions (see Chapter 5 below) should be quickly taken as interim measures. Where
measured concentrations are above but very close to acceptable levels, and mitigation would be
relatively expensive, repeat sampling should be conducted to confirm the degree of VI impact.

The easiest Tier 1l scenarios for decision-making are those where:

1) both soil gas and indoor air VOC measurements are elevated; soil gas greatly exceeds
screening levels; and, indoor air is significantly above acceptable levels. In these
cases the subsurface contamination will require a cleanup action and mitigation or
some other form of interim action should usually be implemented as soon as possible
to protect receptors until the remedial action successfully attains groundwater and/or
soil cleanup levels.

2 indoor air VOC measurements are acceptable and Tier I-predicted indoor air
concentrations (based on soil gas and/or groundwater measurements) are very close to
acceptable levels. In these cases the subsurface contamination may exceed screening
levels and require a cleanup action, but indoor air does not appear to be unacceptably
contaminated and mitigation should be unnecessary.

Unfortunately, investigators will often be confronted with harder decisions. More difficult
scenarios are presented when: a) indoor air VOC measurements are just barely acceptable and
soil gas (or groundwater) VOC concentrations are decidedly elevated, or b) indoor air VOC
measurements exceed, but are close to, acceptable levels, and soil gas (or groundwater) VOC
concentrations are also only marginally elevated. In these two cases PLPs and site managers
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should usually re-sample indoor air to improve their confidence in the representativeness of the
initial measurements.

As noted earlier, investigators should utilize multiple lines of evidence when assessing vapor
intrusion and this is critical when presented with less than clear-cut scenarios, as described in the
paragraph above. The Tier Il decision matrices provided in Appendix E can be utilized as a guide
for evaluating coupled indoor air and sub-slab soil gas results. The matrices embody the concept
that indoor air data should not be used alone when making VI decisions; other pieces of
information are critical to estimating the degree of VI contribution to the indoor air
measurement. ITRC’s (January 2007) and other state and federal guidance cited earlier describe
additional investigation tools that can be used to more clearly understand the VI impact at a
particular building. Examples of these tools include: utilizing tracer compounds and VOC
ratios; measuring cross-slab pressure differentials; sampling soil gas at multiple depths;>! passive
soil gas sampling; and, flux chamber sampling.

The indoor concentrations of certain VOCs, such as the BTEX compounds, trimethylbenzenes,
and perhaps tetrachloroethene and chloroform, may be higher than building-specific ambient
(outdoor) levels, without any significant VI contribution. This can be the case even though
actions have been taken pre-sampling to locate all obvious sources of indoor emissions and
remove or isolate them. In those cases where the subsurface contaminants of concern include
these compounds, therefore, it may be a poor assumption to conclude that the difference between
a higher indoor concentration and a lower ambient contribution is primarily due to VI. Assessing
other, secondary lines of evidence, such as data from applicable background indoor air databases,
will often be needed to better estimate the true VI impact. Investigators should also examine the
degree to which sub-slab soil gas is contaminated with the VOCs detected indoors, comparing
the ratios of sub-slab to indoor air detections for these VOCs to those of VOCs not expected to
be present in indoor air in the absence of VI.

*!\/ertical soil gas profiles are often created to demonstrate and better quantify vadose zone attenuation. They may
also be used to better locate the vapor source in the subsurface or investigate the effect subsurface utility corridors
or vadose zone stratigraphic heterogeneities may be having on contaminant transport. See API (2005), DTSC
(2005), and NJDEP (2005).
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Chapter 4 Community Concerns & Involvement

When investigators identify a subsurface source of volatile chemicals near buildings, they should
start making plans to investigate whether vapor intrusion might be a problem. Ecology
recommends that once a preliminary assessment establishes the presence of subsurface VOCs
within 100 feet of buildings, investigators should communicate to those potentially affected: a)
the nature of the potential threat, and b) how the investigation will assess it.

This chapter discusses vapor intrusion-related interactions with the public. Although this
material is presented here, following Chapter 3’s discussion of assessment techniques, Ecology
believes that investigators and regulators should consider the material before embarking on Tier |
or Il assessments.

Anticipating, listening to, and responding to community concerns can be a major part of a vapor
intrusion investigation. Informing people that their homes or offices may be contaminated with
harmful vapors requires thoughtful and considered communication. We have included only a
brief introduction to the topic here. References included at the end of this chapter more fully
discuss public involvement, both generally and in the context of vapor intrusion.

4.1 Vl-related Communication with the Local Community

The degree to which the local community is knowledgeable about any given site, and the amount
of effort expended by the PLP and Ecology to inform them of site-related developments, varies
widely. At some sites, most members of the local community may know little about the site
prior to being informed about the potential for VVI. Learning that vapors inside your home may
threaten your family’s health can be understandably upsetting. People will often have many
questions, and investigators will need to prepare for answering these questions.

Investigators, PLPs, and Ecology site managers should be prepared for strong and negative
reactions from some people when they first hear about site-related contamination in their indoor
air. Strong reactions can be expected from affected building owners and occupants, as well as
others in the local community. It may not be possible to avoid angry and fearful responses, even
when investigations are still in their early stages and VI’s impact on indoor air quality has yet to
be confirmed.

Site managers and investigators are therefore advised to seek out those more expert in
communicating unwelcome environmental news to the public before sending notices or knocking
on doors. The Ecology site manager, for example, might want to consult with someone at
Ecology having risk assessment and community relations’ expertise (public education and
outreach staff, for example, and the public information officer), or previous VI experiences.
Representatives from state and/or local health agencies can also be helpful when preparing for
communications with the public. Assembling a multi-disciplinary team to plan for and then
carry out communications with members of the affected public is advisable in cases where a
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sizable number of buildings will need to be assessed, or whenever investigators can expect
significant public interest due to the nature of the site and its locale.

4.2 When Access to Private Property is Needed

A Tier | assessment will usually require at least one visit to the building to determine if Tier |
screening/modeling techniques are appropriate.®® In some situations, Tier II-type assessments
may require four or more trips into each building. For example:

e Before writing the sampling and analysis plan, a look inside the building is usually
needed to identify candidate sampling locations, investigate possible indoor air VOC
sources, and explain the process to occupants.

e A visit to the building is usually conducted several days before indoor air sampling to
remove potential indoor VOC-emitting sources.*

e A trip to the building is required to set-up sampling stations and begin sampling.

e A trip to the building is required to stop the sample collections and retrieve the
sampling equipment.

Additional visits may be needed if also collecting sub-slab soil vapor samples on a different
schedule than air samples. If mitigation is implemented, still more visits will be necessary.

Although some property owners and tenants may allow access informally, and may not be
interested in the sampling or its results, Ecology recommends developing written access
agreements that, once agreed to by the PLP and property owner/tenant, allow the project team to
conduct the sampling needed for the assessment.>* These formal agreements set out each party’s
responsibilities, and describe what information will be provided to the owners and tenants at
each point in the process. Specifically, an access agreement should:

a) State what actions the owner will (and perhaps, will not) allow on his or her property.

b) Include procedures for scheduling site visits.

*2 For example, during Tier | planning the investigator will usually want to inspect the bottom floor of the building
to see if there are preferential VI pathways or other conditions requiring initiation of Tier 1l.

%% Some investigators use this opportunity, say a week before indoor air sampling, to ask the building owner to
ventilate those areas within the structure that will be sampled. Ecology suggests opening windows and doors for
10-20 minutes 48 hours before sampling begins.

** In some cases, building owners or tenants may be reluctant to provide access for indoor air sampling. The PLP
and Ecology must then take into account the type of building, its use, why access is being denied, what other forms
of access might be granted, how well the owner understands the potential risks associated with VI, and whether the
owner is the receptor (or the only receptor). It may be appropriate in some instances to remind off-site commercial
building owners about language in MTCA that limits liability to property owners, but only when they cooperate
with remedial investigations and actions (see RCW 70.105D.020(17)(b)(iv)(D)).

Nevertheless, investigators should not presume that building owners and occupants will be opposed to
proposals for sampling indoor air. Once a potential for VI has been communicated to the public, residents
(especially) typically understand that various measurements need to be made and many will want to know if their
homes are affected.
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¢) Include procedures for coordinating fieldwork and document submittals when a building
owner or tenant chooses to hire a private consultant or attorney to oversee the Tier Il
sampling.

d) Include an attachment with instructions for the tenant, explaining what actions should and
should not be done immediately before and during the sampling event.

e) Describe the information and documents that will be provided to the building owner and
tenant.

f) Establish when the building owner and tenant can expect to receive copies of the
sampling report. When preparing these reports, Ecology recommends providing a cover
letter addressed to the owner and tenant, distilling the data, summarizing the findings, and
describing the (likely) next steps. For reports which include indoor air data, describing
the range of typical indoor concentrations for the VOCs detected is also often advisable. *°

NOTE: Investigators should explain to owners and tenants that Tier
Il test results for their building will be reported to Ecology and that
these types of documents, once submitted, are not confidential. They
are available to the public upon request.%

4.3 Helpful Resources for Communications with the Affected Public

Chapter 4 is only a brief introduction to the topic of VI-related community involvement. The
following general and vapor intrusion-specific references provide a fuller description of
recommended public involvement practices and activities:

California Environmental Protection Agency, Department of Toxic Substances Control
(DTSC), Guidance for the Evaluation and Mitigation of Subsurface Vapor Intrusion to
Indoor Air, 2005.

Colorado Department of Public Health and Environment, Indoor Air Guidance, 2004.
Ecology’s 2008 Guide to Public Involvement at the Department of Ecology (#99-751).

ITRC (Interstate Technology and regulatory Council), Vapor Intrusion Pathway: A
Practical Guideline, 2007.

%% Many residential owners and tenants are likely to request assistance from Ecology and/or the Washington State
Department of Health if they have questions. Data reports in particular can be difficult to interpret. Building
owners and/or tenants may expect not only a copy of the results of the study, but an explanation of what the
agencies believe the data indicate. Ecology site managers should be prepared to offer this support when requested,
and when responding to PLP VI-assessment plans and reports, should send copies of letters to both building
owners and tenants.

% per the Public Disclosure Law, Chapter 42.17 RCW.
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Massachusetts Department of Environmental Protection, Indoor Air Sampling and
Evaluation Guide, Appendix 2, 2002.

New Jersey Department of Environmental Protection, Vapor Intrusion Guidance, 2005.

New York State Department of Health, Guidance for Evaluating Soil Vapor Intrusion in
the State of New York, 2005.

US EPA, RCRA Public Participation Manual, 1996 (EPA 530-R-96-007S,
http://www.epa.gov/epaoswer/hazwaste/permit/pubpart/manual.htm).

US EPA, Superfund Community Involvement Handbook, 2005 (EPA-540-K-05-003),
http://www.epa.gov/superfund/tools/cag/ci handbook.pdf).
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Chapter 5 Mitigation

Vapor intrusion mitigation is a supplemental or short-term remedial solution intended to protect
indoor receptors threatened, or potentially threatened, by indoor air contaminated by soil gas.
Mitigation can be “built-into” a new structure or added to an existing structure. It can utilize
exclusively passive measures, or incorporate active devices such as fans. Most vapor intrusion
mitigation technologies are those which have been used successfully for radon mitigation. This
guidance does not include information about the types of mitigation technologies available, when
particular types should be selected over others, mitigation design, or how best to confirm and
monitor mitigation effectiveness. The reader is referred to the following four documents for
excellent presentations of these topics:

e EPA’s Indoor Air Vapor Intrusion Mitigation Approaches (Engineering Issue, October
2008, EPA 600-R-08-115)

e Chapter 4 of ITRC’s Vapor Intrusion Pathway: A Practical Guideline

e California Environmental Protection Agency, Department of Toxic Substances Control
(DTSC), Vapor Intrusion Mitigation Advisory, April 2009.

e Massachusetts Department of Environmental Protection, Guidelines for the Design,
Installation, and Operation of Sub-slab Depressurization Systems, December 1995.

Although retro-fitting existing buildings to incorporate active mitigation technologies such as
sub-slab depressurization (see Figure 5-1) can be costly when the buildings are large or when
other complicating factors create atypical expenses, installing mitigation as the building is being
constructed is usually less expensive. Mitigating an existing single-family residence is also
usually inexpensive. Because the costs for mitigating homes are typically so low, Ecology
strongly recommends that residences be mitigated when the potential for unacceptable vapor
intrusion impacts cannot be quickly ruled out and when cleanup actions focused on the
subsurface VI source are unlikely to reach target concentration goals within a very short time
frame. For residences, sub-slab or sub-membrane depressurization systems may be considered
presumptive mitigation approaches, and should not typically require feasibility study-type
evaluation prior to selection. Ecology recommends these systems be installed by an experienced
certified radon mitigator or another environmental professional with similar experience with
landfill gas or vapor mitigation system design and installation.

Ecology also recommends that non-residential buildings be mitigated when assessments
conclude that vapor intrusion may be unacceptably contaminating indoor air and a cleanup action
capable of quickly remediating the subsurface source is not ready for implementation. PLPs and
site managers should expect, however, that mitigating large buildings will be more costly than
mitigating houses, and may entail additional permitting requirements.>’

> Most mitigations of single-family dwellings will typically only require an electrical permit and inspection
(assuming that an active, sub-slab or sub-membrane depressurization system is installed). However, the local air
authority should routinely be contacted, regardless of the building type, to determine if a permit is required to
discharge contaminated soil gas from beneath the building. Mitigations of commercial/ industrial buildings,
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Figure 6. Cross-section of a sub-slab depressurization system

(Tri-Services Handbook for the Assessment of the Vapor Intrusion Pathway, February 2008).
Note: installation of the mitigation fan in the attic is only an option if the attic is not, and will
not be, occupied.

depending on the building size and cost/complexity of the mitigation, may be subject to other regulatory
requirements (e.g., mechanical and/or other permits).
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Since active sub-slab and sub-membrane systems blow contaminated soil gas into the
atmosphere above the building’s roofline, care must be taken in designing the height of the stack
and where — in relation to the building’s windows and intake vents, as well as nearby building
windows and vents — the gases are exhausted. ASTM standards for radon mitigation should, at a
minimum, be met.”®

Mitigation emissions

Mitigation systems, such as sub-slab or sub-membrane depressurization systems, do not, by
definition, attempt to remediate the subsurface. Basically, their function is to re-route
contaminated soil gas that could otherwise enter a building. In the absence of mitigation this soil
gas would “discharge” its contaminants to the atmosphere either directly, at the ground surface,
or through the building to the atmosphere.

Commonly, the soil gas being emitted from a mitigation stack is not treated prior to discharge.
There are certain mitigation scenarios, however, where investigators should assess the impacts of
mitigation emissions to ambient air to ensure that human health is adequately protected. For
example, the mitigations of some large buildings require much stronger blowers than are
typically used for a house. The VOC emission rates from these systems’ mitigation stacks may
be much higher than those from residential systems. In addition, even if the implemented
systems are relatively small, there may be cases where a number of systems have been installed
in close proximity to one another. Here again, when the soil gas VOC concentrations being
emitted are significantly elevated, the combined emission impact on ambient air should be
assessed.

To determine if VI emissions may potentially be leading to unacceptable health impacts, and
whether pre-discharge treatment should be considered, investigators usually perform air
modeling. Several screening-level models are available for this purpose. The model can
estimate air concentrations in the vicinity of the stack discharge, as well as at points nearby,
corresponding to site-specific reasonable, maximally-exposed (RME) receptor locations.

Public input on mitigations as interim measures

In most cases when a decision is made to mitigate a single building as an interim action, the
owner and occupants of that building are considered the “affected public.” Obtaining permission
from the building’s owner and tenant(s), and any permitting authorities, will therefore be
required before proceeding to install the system. Additional public involvement, beyond the
minimum required for orders and consent decrees under WAC 173-340-600(16), will likely be
required, depending on the public interest in the site and the number of residents and businesses
affected.

Other interim actions

% ASTM E 2121-03, Standard Practice for Installing Radon Mitigation Systems in Existing Low-rise Residential
Buildings.
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As discussed above, mitigation refers to an action that protects indoor air from vapor intrusion
but does not attempt to remediate the subsurface source of VOC contamination. In some cases
PLPs may prefer to take an action directly on the VI source. Soil vapor extraction (SVE) can
often be effective as an interim action to reduce soil gas concentrations. Depending on the
design of the system, SVE may be able to not only decrease soil gas contamination but also de-
pressurize the sub-slab zone beneath buildings of concern. Removal of the contaminated soils
may also be an option. Some quick-acting groundwater treatment systems may additionally be
alternatives to mitigation, when the VI source is limited to the saturated zone. Regardless of the
technology and which medium it acts upon, it should be capable of protecting indoor air quality
as effectively and as quickly as the mitigation techniques discussed above.
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Chapter 6 VI Considerations for Site Cleanup

Vapor intrusion (V1) mitigation, as discussed in Chapter 5, is a supplemental or short-term
solution.*® Ecology does not expect mitigation
systems to attain any VI-based media cleanup

levels other than those air levels established to Mitigation is only considered a
protect receptors inhaling indoor air. If form of “protection” from potentially
subsurface media are so contaminated that they harmful exposure. It is not a full
present a threat to human health via VI, however, ~ cleanup remedy.

cleanup levels for these media will need to be
established. Remediation alternatives — beyond
any mitigation already implemented — capable of attaining the cleanup levels must therefore be
evaluated in a feasibility study. This chapter discusses site remediation considerations for
scenarios where contamination poses, or potentially poses, an unacceptable threat to indoor air
quality via the VI pathway.

6.1 Establishing Media Cleanup Standards for the VI Pathway

Regulatory requirements for establishing subsurface media cleanup standards protective of the
vapor intrusion pathway are contained in WAC 173-340. Requirements for Method B and C
groundwater and soil cleanup levels are currently described in WAC 173-340-720, and 173-340-
740 and -745, respectively. Method A cleanup standards must adhere to the requirements of
WAC 173-340-704.

None of these requirements describes a process for establishing a specific groundwater or soil
cleanup concentration for a specific substance at an individual site that is necessarily protective
of indoor air. Groundwater cleanup regulations at WAC 173-340-720(1)(d)(iv), however,
stipulate that:

d) The department may require more stringent cleanup levels than specified in this section where
necessary to protect other beneficial uses or otherwise protect human health and the environment.
Any imposition of more stringent requirements under this provision shall comply with WAC 173-
340-702 and 173-340-708. The following are examples of situations that may require more
stringent cleanup levels:

(iv) Concentrations that eliminate or minimize the potential for the accumulation of vapors in

buildings or other structures to concentrations which pose a threat to human health or the
environment.

Similarly, soil cleanup regulations at WAC 173-340-740(1)(c)(vi) state that:

¢) The department may require more stringent soil cleanup standards than required by this
section where, based on a site-specific evaluation, the department determines that this is

> Mitigating vapor intrusion is akin, in some respects, to providing bottled water to residents whose drinking water
wells have become contaminated. The residents are protected from the contamination in their wells, but the bottled
water does nothing to clean-up the groundwater. By definition, subsurface sources of vapor—phase VOCs intruding
into buildings will generally not be significantly remediated by mitigation.
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necessary to protect human health and the environment. Any imposition of more stringent
requirements under this provision shall comply with WAC 173-340-702 and 173-340-708. The
following are examples of situations that may require more stringent cleanup levels.

(vi) Concentrations that eliminate or minimize the potential for the accumulation of vapors in
buildings or other structures.

Method A Section 173-340-704(3) also has such language:

(3) More stringent cleanup levels. The department may establish Method A cleanup levels more
stringent than those required by subsection (2) of this section, when based on a site-specific
evaluation, the department determines that such levels are necessary to protect human health and
the environment. Any imposition of more stringent requirements under this provision shall
comply with WAC 173-340-702 and 173-340-708.

The MTCA cleanup standards are intended to provide protection of indoor air quality as part of
an overall cleanup action being implemented at a site. This chapter discusses various issues and
scenarios associated with calculating subsurface concentrations that should be low enough to
protect virtually any building located in the contaminated area.

To calculate VI-protective concentrations, investigators must identify target indoor air
concentrations the subsurface source should be cleaned-up to protect. The MTCA regulations at
WAC 173-340-750 provide Method B unrestricted (residential) air cleanup levels and Method C
industrial air cleanup levels. While Method B can be thought of as the default method for
calculating acceptable indoor air levels, industrial

air cleanup levels are applicable when the building

of concern is located on “industrial” property (per For the VI exposure pathway,
WAC 173-340-200 and '745) and receptors are acceptab|e indoor air qua“ty for
industrial workers.?’ In either case, Ecology’s the purposes of WAC 173-340 is
concern with indoor air quality in the context of defined as those indoor air
vapor intrusion focuses exclusively on the concentrations resulting only from
contaminant concentrations in indoor air coming V| which do not exceed Method B
from a subsurface source. or industrial air cleanup levels.

Therefore, whether the building is located on an
industrial property, is a residence, a public building, or is a non-industrial commercial building,
the focus remains on the subsurface contribution to indoor air contamination.

6.2 Establishing Protective Groundwater Concentrations for the VI
Pathway

When shallow groundwater is contaminated with VOCs, and buildings are either near that
contamination or could be constructed near the contamination in the future, Tier | assessment
procedures in Chapter 3 describe how to determine if the contamination poses a potential VI
threat. Basically, four different approaches are discussed:

8 Method C also applies to manholes or underground vaults where worker exposure is the concern.
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(1) Comparing shallow groundwater concentrations to generic groundwater screening levels
(provided in Appendix B).

(2) Comparing soil gas concentrations to generic soil gas screening levels (also in Appendix
B).

(3) Inputting shallow groundwater concentrations into the JEM and predicting indoor air
levels.

(4) Inputting soil gas concentrations into the JEM and predicting indoor air levels.

The first two approaches can tell the investigator whether the VOC strength in the subsurface is
sufficient to pose a potential VI threat for any building.®* The second two approaches can as
well, if the building that is modeled conservatively represents a future house, reasonably prone to
intrusion.®

When site shallow groundwater VOC concentrations exceed generic groundwater screening
levels, then, and investigators are attempting to determine the extent to which concentrations
should be reduced to protect current and future indoor air quality, there are primarily two
options: a) use the groundwater screening levels themselves, or b) calculate site-specific
groundwater screening levels using the JEM.%® Under the second option, the JEM is used to
back-calculate groundwater VOC concentrations that result in given indoor air levels (Method B
air cleanup levels, for instance, if the future building of concern is a home). Please see Section
6.5 below.

At sites where Method A or B groundwater cleanup levels are being established that will be
protective of ingestion (such as drinking water-based cleanup levels), these levels will often be
low enough to also protect indoor air quality. Several substances identified in Appendix B,
however, have groundwater V1 screening levels lower than Method B drinking water-based
cleanup standards.®*

¢! Ecology realizes that certain atypical structures could be constructed at a site that would be much more prone to
VI impacts than most occupied buildings in Washington. But what we are referring to here is a small residential
building with dimensions and ventilation rates consistent with the “default” JEM assumptions listed in Appendix
D. We are also assuming that the new building would have a non-earthen floor, have no open sumps, and have a
basement or first floor above the seasonally-high water table. So admittedly, by “any type of structure” we really
mean “almost all types of new structures that would be occupied for relatively long periods.”

We realize, therefore, that is it possible that a new, highly-susceptible building could be constructed on a
property where Ecology has concluded that the subsurface contamination could not pose an unacceptable threat to
human health via VI, and, because the building is unusually susceptible to VI, indoor air could be unacceptably
contaminated. We believe this will only rarely occur, if at all. As part of the cleanup action plan development
process, PLPs and site managers should re-visit the “any structure” assumptions for the site in question and ensure
that they appear conservative.

%2 Appendix D provides default parameter values for modeling such a house with the JEM.
% please see Appendix D for an explanation of what Ecology considers a conservative application of the JEM.

An additional option is briefly discussed in Section 6.6.3. Under this option, site-specific groundwater
screening levels can be calculated using empirically-derived attenuation factors.

% Some examples include: carbon tetrachloride, chloroform, tetrachloroethene, and trichloroethene
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6.3 Establishing Protective Soil Concentrations for the VI Pathway
WAC 173-340-740(3)(b)(iit)(C)(111) currently states that:

C) Soil vapors. The soil to vapor pathway shall be evaluated for volatile organic compounds
whenever any of the following conditions exist:

(1) For other volatile organic compounds, including petroleum components, whenever the
concentration is significantly higher than a concentration derived for protection of ground water
for drinking water beneficial use under WAC 173-340-747(4).

WAC 173-340-740(3)(b)(iii)(C) also states that subsection (3)(c)(iv)(B) contains methods that
may be used to evaluate the soil to vapor pathway. Subsection (B) lists four “methods:”

B) Evaluation methods. Soil cleanup levels that are protective of the indoor and ambient air
shall be determined on a site-specific basis. Soil cleanup levels may be evaluated as being
protective of air pathways using any of the following methods:

() Measurements of the soil vapor concentrations, using methods approved by the department,
demonstrating vapors in the soil would not exceed air cleanup levels established under WAC 173-
340-750.

(1) Measurements of ambient air concentrations and/or indoor air vapor concentrations
throughout buildings, using methods approved by the department, demonstrating air does not
exceed cleanup levels established under WAC 173-340-750. Such measurements must be
representative of current and future site conditions when vapors are likely to enter and accumulate
in structures. Measurement of ambient air may be excluded if it can be shown that indoor air is
the most protective point of exposure.

(111 Use of modeling methods approved by the department to demonstrate the air cleanup
standards established under WAC 173-340-750 will not be exceeded. When this method is used,
the department may require soil vapor and/or air monitoring to be conducted to verify the
calculations and compliance with air cleanup standards.

(V) Other methods as approved by the department demonstrating the air cleanup standards
established under WAC 173-340-750 will not be exceeded.

This guidance has not established soil VI screening levels for any of the Appendix B substances.
When vadose zone soils are contaminated with VOCs, and buildings are either near that
contamination or could be constructed near the contamination in the future, Ecology
recommends that Tier | soil gas samples be collected to assess the potential VI threat. This is
consistent with (B)(I) above. Ecology also recommends that the JEM not be used to predict
indoor air concentrations from soil VOC concentrations.®®> So although (B)(111) allows modeling
to be used for this purpose, at present Ecology is unaware of a model that will predict indoor air
concentrations from soil inputs with an acceptable level of certainty.

6 Ecology believes that JEM indoor air predictions based on inputted (bulk) soil concentrations are likely to have
significant associated uncertainty. EPA (US EPA, 2002) has, for this reason, not recommended the model for
predicting indoor air concentrations from soil sources. If PLPs are interested in using a modeling method to
calculate protective soil levels for TO-15 VOCs, that approach will need prior approval by Ecology.

6-4


http://apps.leg.wa.gov/WAC/default.aspx?cite=173-340-747
http://apps.leg.wa.gov/WAC/default.aspx?cite=173-340-750
http://apps.leg.wa.gov/WAC/default.aspx?cite=173-340-750
http://apps.leg.wa.gov/WAC/default.aspx?cite=173-340-750
http://apps.leg.wa.gov/WAC/default.aspx?cite=173-340-750
http://apps.leg.wa.gov/WAC/default.aspx?cite=173-340-750

Consistent with WAC 173-340-740(3)(b)(ii1)(C)(111), at sites where soil cleanup levels are being
established that will be protective of groundwater as a drinking water resource, these levels are
likely to be low enough to be protective of indoor air via the VI pathway. However, this cannot
be assumed at all sites.

6.4 Establishing Protective Soil Gas Concentrations for the VI Pathway

Regardless of the source of the subsurface contamination (i.e., whether groundwater, soil, and/or
soil gas is contaminated, and whether LNAPL is or is not present), if buildings are either near
that contamination or could be constructed near the contamination in the future, soil gas
measurements can be used to assess the contamination’s potential to unacceptably impact indoor
air. Tier | procedures in Chapter 3 discuss the two basic approaches:

(1) Comparing soil gas concentrations to generic soil gas screening levels (provided in
Appendix B).

(2) Inputting soil gas concentrations into the JEM and predicting indoor air levels.

The first approach can tell the investigator whether the VOC strength in the subsurface is
sufficient to pose a potential V1 threat for any building. So can the second approach if the
building that is modeled conservatively represents a future house, reasonably prone to intrusion.

If investigators are attempting to determine the extent to which soil gas concentrations should be
reduced to protect current and future indoor air quality, there are primarily two options: a) use
the soil gas screening levels themselves, or b) calculate site-specific soil gas screening levels
using the JEM.®® As with groundwater, the JEM can be used to back-calculate soil gas VOC
concentrations that would result in Method B or industrial air cleanup levels. This is discussed
further in Section 6.5 below.

Soil gas concentrations low enough to conservatively protect indoor air quality have particular
utility at the end of a cleanup action, when the PLP is attempting to demonstrate that the
completed cleanup is adequately protective. The PLP can use these concentrations to
demonstrate, through measurements, that residual site soil and/or groundwater contamination
does not produce soil gas levels high enough to pose a VI threat. The soil gas measurements
used for this purpose must then be taken at depths that correspond to the depths associated with
the VI-protective concentrations being used. Both generic soil gas screening levels and model-
generated protective soil gas concentrations are depth-specific (see Chapter 3, and Appendices B
and D).

% An additional option is briefly discussed in Section 6.6.3. Under this option, site-specific soil gas screening levels
can be calculated using empirically-derived attenuation factors.
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6.5 “Back-calculated” Subsurface Concentrations, Protective of
Indoor Air Quality

As discussed above, the JEM can be used to back-calculate a groundwater or soil gas VOC
concentration that would result in a given indoor air level. Unfortunately, the EPA JEM
spreadsheets and on-line calculator are not structured to accept target indoor air levels that
groundwater or soil gas concentrations can then be calculated to attain. This is problematic
because EPA calculates risks and hazards somewhat differently than they are currently calculated
in the MTCA regulations. Method B equations for indoor air cleanup levels in WAC 173-340-
750 currently utilize reference dose and carcinogenic slope factor toxicity information (RfDi and
SFi), whereas the JEM uses reference concentrations and unit risk factors (RfCi and URFi). The
predicted groundwater and soil gas concentrations the model produces to be protective of indoor
air (for a carcinogenic risk of 1E-6 risk or a non-carcinogenic hazard quotient of 1.0) are
therefore not the same as those it would derive to be protective of Method B air cleanup levels.
Calculating VI-protective groundwater and soil gas concentrations via the JEM must currently be
accomplished through a two-step use of the model’s forward calculation. Please refer to
Appendix D, Table 2, for recommendations on how to accomplish this.

NOTE: The approaches described above for establishing subsurface media
concentrations, protective of the VI pathway, may not account for
bioattenuation in the vadose zone. As discussed in Chapter 3, some volatile
petroleum hydrocarbons in soil gas are capable of significant
biodegradation. Benzene, toluene, ethylbenzene, and xylenes, for example,
are known to degrade when conditions in the vadose zone separating the
contamination source and building are conducive to aerobic biodegradation.
Using Appendix B groundwater or deep soil gas screening levels, or
protective groundwater or deep soil gas concentrations back-calculated by
the JEM, as cleanup targets, can therefore be overly conservative.

6.6 Other Cleanup-related Considerations

6.6.1 Soil gas/vapor contamination

The MTCA regulations do not contain requirements for calculating and then achieving soil vapor
cleanup standards. Nevertheless, even if groundwater is remediated to concentrations below VI-
protective cleanup levels, contaminated soil vapor may persist for a time and continue to pose a
potential threat to indoor air quality. In this case — where groundwater and indoor air are at or
below cleanup levels but soil vapor remains contaminated — site managers will need, at a
minimum, to continue monitoring indoor air and soil vapor to ensure that indoor receptors are
adequately protected.

In addition, there are some release scenarios where the VOC release to the subsurface is entirely
in the gas phase. Tetrachloroethene (PCE) releases from drycleaner sites, for example, where the
chemical in its gas phase is denser than air, may sometimes fall into this category. In these cases
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soils and groundwater may not be contaminated, but soil gas — and, potentially, indoor and
ambient air — will be. So again, as long as soil vapor is contaminated, site managers may need to
continue monitoring both indoor air and soil vapor to ensure that indoor receptors remain
adequately protected.

6.6.2 Non-residential, non-industrial buildings

Where the building of concern is being used commercially (but is not located on an industrial
property), and the most highly exposed receptors are workers, the Method B exposure
assumptions in WAC 173-340-750 Equations 750-1 and 750-2 are likely to be overly
conservative. Average body weight, for example, in Equation 750-1 is 16 kg (representing a
child), whereas the receptors of concern at most commercial properties will be adults with an
average weight closer to 70 kg. In addition, the amount of time exposed will often be less than
default values: most receptors in a commercial building will not be exposed to contaminated
indoor air 24 hours per day, seven days a week, all year long. Therefore, while subsurface source
concentrations must eventually be remediated to cleanup levels derived from Method B air
cleanup levels to free the property of any future development restrictions, current receptors can
be considered protected if indoor air concentrations are somewhat higher than Method B air
cleanup levels.

Indoor air VOC concentrations, fully protective of the current receptors inside a non-residential
building, can be calculated by changing the inputs to Equations 750-1 and/or 750-2, as
applicable, to better reflect exposures to an adult worker. The resulting protective air levels may
be utilized to decide if interim measures are needed, or to phase the site cleanup.

6.6.3 Empirically-based, site-specific VAFs

Chapter 3 discusses two “sources” for VI attenuation factors (VAFs): (1) assumed VAFs for
groundwater and soil gas recommended by EPA, and (2) VAFs calculated by the JEM. At
relatively large sites, some PLPs may choose to empirically derive site-specific attenuation
factors that can then be used to assess impacts to current buildings and derive VI-protective
subsurface concentrations. Although this alternative may be approved by Ecology on a site-by-
site basis, PLPs should be forewarned that such an approach is likely to be resource-intensive
and will need, in the end, to be demonstrably conservative for the range of buildings, VI sources,
and subsurface conditions the PLP intends to use the derived values for. A work plan (including
a SAP and QA Project Plan) will need to be prepared, proposing the type of data to be collected,
how those data will be used to estimate attenuation, and how the attenuation estimates will be
used in making site decisions.

6.6.4 Multiple VOCs and pathways of exposure

While for the purposes of explanation it is often simpler to speak as if there is only one
contaminant of interest, there will be many sites where multiple VOCs pose a vapor intrusion
concern. VI-protective subsurface concentrations for these VOCs can be derived independently,
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as discussed above, but may then need to be adjusted downward, depending on the number of
VOCs and the MTCA Method being employed.®’

It should also be kept in mind that although our focus here is on vapor intrusion, the RI/FS must
assess all viable exposure pathways. It is possible that an indoor receptor, breathing air impacted
by VI, may also be exposed to contamination via another route, such as by drinking groundwater.
In setting RI/FS media cleanup levels, therefore, attention must be paid to total, cumulative site
risk. Where multiple pathways are likely to expose receptors in a non-mutually exclusive
manner, cleanup levels are likely to need downward adjustment to ensure that cumulative site-
contributed risks are acceptable.

6.7 Institutional Controls

Institutional controls, in the context of vapor intrusion and the MTCA regulations®, are
somewhat like mitigation actions. That is, they keep (or help keep) receptors from being
unacceptably exposed to VI-contaminated indoor air, but do not remediate the subsurface
contaminant source. Regulatory requirements for establishing protective institutional controls are
contained in WAC 173-340-440. This section of the guidance discusses why certain controls
may be needed at sites where V1 is a concern.

Institutional controls are often used to ensure that the building/property use being assumed in the
VI assessment and RI/FS continues in the future. While it may not have been necessary to
implement a mitigation system for a commercial use which existed during the RI/FS, for
example, a less restrictive use — such as future residential development— may require such a
system if the subsurface remains contaminated. Changes in use could be related to how long
receptors are exposed to indoor air or the types of receptors exposed (redevelopment of
commercial property for residential use is an example). Usually the institutional control will
need to be effective until the site remedy has resulted in attainment of media cleanup levels.

Institutional controls may also be needed to ensure that changes to the building’s structure do not
create new vapor intrusion problems. The investigator may assume, for example, that a
particular building being used commercially will remain in use without modification (or that if it
is replaced, it will be replaced by another, similar, commercial building). If the building
investigated during the RI/FS is replaced by a different building in the future, however, or it is
re-modeled, the soil gas impact on indoor air quality could easily be different. Institutional
controls can be devised to make sure that the PLP and/or Ecology is notified if the property
owner is contemplating building changes.

The degree of exposure to VI-related contamination may also change in the future even though
the building remains the same, the amount of time receptors spend in the building (and/or the
building use) stays the same, and the type of receptors exposed does not change. This is because

%7 The acceptable MTCA risk threshold applies to all site-related contaminants. If there are multiple contaminants,
the potential exists that even if all were to attain individually protective levels the total \VV1-associated risk would
exceed the MTCA threshold.

8 WAC 173-340-200 defines institutional controls. WAC 173-340-440(4) states that these controls are required
when: media concentrations exceed established Method B cleanup levels; cleanup levels are established per
Method C; an industrial soil cleanup level is established; or Ecology determines “such controls are required to
assure the continued protection of human health and the environment...”
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it is possible that some change to the building’s operation will be made in the future that affects
indoor VOC concentrations. For example, the indoor/outdoor air exchange rate that was
assumed — or demonstrated to exist — at the time the structure was investigated or modeled could
decrease in the future due to remodeling or changes to the building’s heating, ventilation, and air
conditioning (HVAC) system. Dilution of any VI contributions to indoor air would then be
expected to also diminish, with indoor air VOC concentrations increasing as a result. Such an
increase might well go unnoticed if indoor air monitoring were not being conducted.®® Similarly,
a commercial building may currently be under constant positive pressure (with respect to the
subsurface) and effectively minimizing VI as result. Future HVAC changes could result in a
discontinuation of sufficient interior pressure to maintain this gradient. If so, soil gas intrusion
rates could increase and impacts to indoor air may become no longer acceptable.

In general, institutional controls will commonly be needed when subsurface contamination poses
a potential VI threat, and

a) actions to reduce source concentrations will either not be implemented quickly, or will
take a relatively long time to reach cleanup goals,

b) mitigation is required, and

c) Ecology concludes continued operation of, and/or access to, the mitigation system is
needed.

Institutional controls will also usually be needed when subsurface contamination poses a
potential V1 threat, and

a) actions to reduce source concentrations will either not be implemented, or will take a
relatively long time to reach cleanup goals, and

% Tier 11 assessment may conclude that V1 is not currently a problem at a particular building, but many times — if
soil gas is significantly contaminated — the investigator may not really know why. Low indoor VOC levels may be
due to some building condition that the building owner or tenant is under no obligation to maintain. Operation of
the HVAC system, for example, may be keeping concentrations at acceptable levels. HVAC systems can control
the amount of outdoor air that is brought into the building. When they are operated at high air exchange rates they
will dilute whatever impact vapor intrusion has on indoor air quality.

Some HVAC systems can also be designed to induce positive indoor air pressures. Investigators should
therefore realize that indoor air in certain commercial buildings, or parts of buildings, can be positively pressurized
with respect to the subsurface at the time the building’s indoor air is being sampled. If so, it is likely that any
indoor air measurements will indicate that V1 is not a problem.

When a Tier Il assessment concludes that any VI impacts appear to be acceptably minimal, PLPs and
Ecology must decide if the reason is linked to a building condition subject to change. In situations where the
building’s HVAC system is operating in essence as a mitigation measure, as long as a source of VOCs continues
to be present in the subsurface, VI is a potential threat and changes to HVAC system operation could lead to VI-
sourced indoor VOC levels that are unacceptable. HVAC systems are commonly operated to efficiently warm,
cool, and ventilate their buildings, not minimize VI. They may operate differently at different times of the day, on
different days of the week, and at different times of the year. They are likely to operate somewhat differently
depending on whom the tenant is and what the tenant does inside the building.
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b) no buildings currently exist in the area of the contamination, but could be constructed
there in the future.

In addition, controls are also likely to be needed when subsurface contamination does not
currently pose a potential VI threat to a particular structure, but the threat might become
unacceptable were:

a) the use of that structure to change (the types of receptors or exposure durations, for
example),

b) the building to be re-modeled or a different building constructed, or

c) the ability of that structure to protect indoor air quality to change (due to changes in
ventilation rates, or the installation of sumps, for example).

The ability of any controls to effectively achieve the protection they are intended to guarantee
must also be factored into Ecology’s decision regarding what constitutes a “reasonable
restoration timeframe” for the site in question. Reliance on relatively weak controls will
commonly be appropriate only at sites where restoration (cleanup level attainment and retirement
of the control) can be rapidly achieved.

6.7.1. Control Mechanisms

To safeguard against future undesirable changes (from a VI standpoint) within un-mitigated
buildings, or in how they are used or occupied, the Ecology site manager should consider
requiring controls and/or various PLP responsibilities in the site cleanup action plan. For
instance, the PLP may be required to monitor indoor air concentrations and/or building
conditions and use until media cleanup levels are attained. If building conditions or use change
before media cleanup levels have been achieved, an action can be triggered to assess the
consequences of the change. The action could be an inspection or investigation and/or the
establishment of new cleanup or remediation levels; it could be mitigation. See WAC 173-340-
440(8)(c).

When a PLP is under an order or consent decree, is a “RCRA facility” owner or operator with a
permit, or receives a “no further action” under Ecology’s voluntary cleanup program, these legal
instruments can contain VI-related requirements that the PLP must comply with. For example, if
Ecology concludes that the PLP should monitor certain building conditions and/or indoor air
quality, a requirement for performing such tasks can be included in the order, decree, or permit.

Institutional controls will typically also be described in an environmental covenant on the
property. The covenant can establish requirements associated with currently existing buildings,
as well as property (parcels) not presently developed, but vulnerable to VI impacts should
buildings be constructed.
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Appendix A: Acronyms, Abbreviations, Symbols, and Notation
AER or Eg: Indoor/outdoor air exchange rate for a given building

ASTM: American Society of Testing and Materials

C,.... Maximum pure vapor concentration at 25°C, M/L®

CAP: Cleanup Action Plan (see WAC 173-340-200 and -380)

CLARC: The Ecology Toxic Cleanup Program’s Cleanup Level and Risk Calculations database
Ecology: Washington State Department of Ecology

EPA: United States Environmental Protection Agency

FS: Feasibility Study (see WAC 173-340-200 and -350)

Hcc or HLC: Henry’s Law Constant. Hcc is the unitless form. See
http://www.epa.gov/superfund/health/conmedia/soil/pdfs/part 5.pdf

HI: Hazard Index

HQ: Hazard Quotient

HVAC system: a building’s heating, ventilation, and air conditioning system
ITRC: Interstate Technology and Regulatory Council

JEM: Johnson and Ettinger Model

kg: kilograms

pg/l: micrograms per liter. A common unit for quantifying groundwater contaminant
concentrations

pg/ms3: micrograms per cubic meter. A common unit for quantifying air and soil gas
contaminant concentrations. Typically air and gas sampling results are reported in either
pg/m3 or parts per billion volume (ppbv).
To convert ppbv to pg/m3: pg/ms = [ppbv X MW]/24.45
where MW is the compound’s molecular weight

MTCA: the Washington State Model Toxics Control Act

MTCA Method B and Method C: two methods described in WAC 173-340 for calculating
cleanup levels
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NAPL: non-aqueous phase liquid. LNAPL refers to light NAPLs, less dense than groundwater.
DNAPL refers to NAPLs denser than groundwater.

OSHA: the federal Occupational Safety and Health Administration
PAHs: poly-cyclic aromatic hydrocarbons
PCBs: poly-chlorinated biphenyls

PLP: Potentially Liable Person (see 70.105D.020(16)). In this guidance the term “PLP” is used
more broadly to refer to the site’s responsible party. PLP, then, also refers to those
conducting VCP and independent cleanups, even though these individuals may not have
been designated as PLPs pursuant to a WAC 173-340-500 determination.

PQL.: Practical Quantitation Limit (see WAC 173-340-200)

P,. Vapor pressure of a chemical at 20°C. Often given in units of atmospheres.

QA/QC: Quality Assurance/Quality Control

Qg : A parameter in the JEM representing the enclosed space volumetric air flow-rate

Qi - A parameter in the JEM representing the volumetric flow-rate of soil gas intruding
indoors as a result of pressure gradients.

RCRA: Resource Conservation and Recovery Act

RfC: The inhalation RfC (expressed in units of mg of substance/m? air) provides a continuous
inhalation exposure estimate. The inhalation RfC considers toxic effects for both the
respiratory system (portal of entry) and effects peripheral to the respiratory system
(extrarespiratory or systemic effects). Used in noncancer health assessments.

RfD: (expressed in units of mg of substance/kg body weight-day) is as an estimate of a daily
exposure to the human population that is likely to be without an appreciable risk of
deleterious effects during a lifetime. An RfD can be derived from a no-observed-adverse-
effect level (NOAEL), lowest (L)-OAEL, or benchmark dose, with uncertainty factors
generally applied to reflect limitations of the data used. Used in noncancer health
assessments.”*

RI: Remedial Investigation (see WAC 173-340-200 and -350)

RISK: Cancer Risk

" Taken from IRIS (http://www.epa.gov/ncealiris/help ques.htmé#rfd).
™ Taken from IRIS (http://www.epa.gov/ncea/iris/help_gues.htm#rfd).
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RME: Reasonable Maximum Exposure. RME is the highest exposure that can be reasonably
expected to occur for a human or other living organisms at a site under current and
potential future site use.

S : Pure water solubility of a chemical at 25°C
SAP: Sampling and Analysis Plan
SEPA: The State Environmental Policy Act (see WAC 197-11)

SFi: the inhalation carcinogenic slope factor. A slope factor is an upper bound on the increased
cancer risk from a lifetime exposure to an agent. This estimate is usually expressed in units
of proportion (of a population) affected per mg of substance/kg body weight-day. "

SL: Screening Level. SLsg, for example, is a soil gas screening level. These media screening
levels are advisory numbers; they have no regulatory effect.

SMD: Sub-Membrane Depressurization, a form of mitigation
SOP: Standard Operating Procedures

SSD: Sub-Slab Depressurization, a form of mitigation
SVOCs: semi-volatile organic compounds

Tier I: a vapor intrusion assessment to determine if subsurface contamination could be a
potential threat to indoor air quality

Tier Il: avapor intrusion assessment to determine if subsurface contamination has unacceptably
impacted indoor air quality

TO-15: EPA Toxic Organic Compendium Method for the Determination of VOCs in Ambient
Air (EPA/625/R-96/010b). VOCs are defined by the Method as organic compounds having a
vapor pressure greater than 0.1 Torr at 25°C and 760 mm Hg. Samples are collected in
specially-prepared canisters and analyzed by gas chromatography/mass spectrometry
(GC/MS). TO-15 is the method most commonly used for collecting and analyzing air
samples for VOCs. A similar GC method, TO-14A (EPA/625/R-96/010b), may also be
utilized under certain circumstances, depending on the analytes of interest.

The “normal” mode in which the TO-15 mass spectrometer/analyzer operates is called
the "SCAN" or "FULL SCAN" mode. For many compounds, a SCAN analysis can
easily produce desired reporting limits. For others, however, very low detection limits are
required for comparison to health-based screening or cleanup levels. This can be
achieved by analyzing in Selected lon Monitoring (SIM) mode, where the laboratory
selects the particular m/e ratios that require increased sensitivity during quantification.
Analysis containing both a full SCAN GC/MS analysis and a SIM method is possible.

2 Taken from IRIS (http://www.epa.gov/ncea/iris/help_gues.htm#rfd).
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TO-17:EPA Toxic Organic Compendium Method for the Determination of VVolatile Organic
Compounds in Ambient Air Using Active Sampling Onto Sorbent Tubes (EPA/625/R-
96/010b). The sampling procedure involves pulling a volume of air through a sorbent
packing to collect VOCs followed by a thermal desorption-capillary GC/MS analytical
procedure. This sorbent tube/thermal desorption/gas chromatographic-based monitoring
method for volatile organic compounds (VOCSs) in ambient air is sensitive to 0.5 to 25
parts per billion (ppbv) concentration levels. Sorbents are used singly or in multi-sorbent
packings. Tubes with more than one sorbent, packed in order of increasing sorbent
strength are used to facilitate quantitative retention and desorption of VOCs over a wide
volatility range. Higher molecular weight compounds are retained on the front, least
retentive sorbent; the more volatile compounds are retained farther into the packing on a
stronger adsorbent. The sorbent or sorbent mix tailored for a target compound list, data
quality objectives, and sampling environment, must be selected.

This is commonly the method of choice for collecting and analyzing gas or air samples where
naphthalene is the primary contaminant of concern.

TPH: Total petroleum hydrocarbons
TSD: Treatment, Storage and/or Disposal

URFi: the inhalation unit risk factor for a carcinogen. A unit risk is an upper-bound excess
lifetime cancer risk estimated to result from continuous exposure to an agent at a
concentration of 1 ug/m? in air.

VAF: Vapor Attenuation Factor. Also called a vapor attenuation coefficient (o, or alpha”). It is
used to describe the degree of attenuation between a source vapor concentration at a
certain depth and the resulting indoor air concentration of that VOC. It is the reciprocal
of the attenuation (so that if the concentration attenuates 1000 times, the VAF will be
0.001).

VI: Vapor Intrusion
VPH: Volatile Petroleum Hydrocarbons

VOC: Volatile Organic Chemical, or Compound. This term is defined in WAC 173-340. It
includes those carbon-based compounds listed in EPA methods 502.2, 524.2, 551, 601,
602, 603, 624, 1624C, 1666, 1671, 8011, 8015B, 8021B, 8031, 8032A, 8033, 8260B, and
those with similar vapor pressures or boiling points. See WAC 173-340-830(3) for
references describing these methods. For petroleum, volatile means aliphatic and
aromatic constituents up to and including EC12, plus naphthalene, 1-methylnaphthalene
and 2-methylnaphthalene.

In this guidance the term “VOC” is used more broadly to refer to all substances in
subsurface contamination that may pose a threat to indoor air quality via vapor intrusion.
These substances are identified in Appendix B.

WAC: Washington Administrative Code
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Appendix B: Method B and C Screening Levels for Potential VI
Contaminants of Concern

Substances

Chemicals listed in Table B-1 were obtained from three sources: (1) the 2002 draft EPA VI
Guidance, (2) the 2005 California-EPA DTSC VI Guidance,” and (3) a listing of those volatile
organic compounds, as defined by WAC 173-340-200, which currently have CLARC inhalation
toxicity information.” The substances in Table B-1 represent many of the chemicals volatile and
toxic enough to pose a potential threat to indoor air quality via the VI pathway.

EPA 2002, Appendix D, describes the composition of that document’s Table 1 list of chemicals
as follows:

Under this approach, a chemical is considered sufficiently toxic if the vapor concentration of the
pure component....poses an incremental lifetime cancer risk greater than 10 or results in a non-
cancer hazard index greater than one... A chemical is considered sufficiently volatile if its
Henry’s Law Constant is 1 x 10™ atm-m®mol or greater (US EPA, 1991). In our judgment, if a
chemical does not meet both of these criteria, it need not be further considered as part of the
evaluation.

The maximum possible vapor concentration is that corresponding to the pure chemical at the
temperature of interest. In this case, all calculations were performed at the reference temperature
of 25° C using the equation:

Cmaxvp =S * H * 1000 pg/mg * 1000 L/m?

Where: Cmax,vp is the maximum pure component vapor concentration at 25° C
[in pg/m?,
S is the pure component solubility at 25° C [in mg/L], and
H is the dimensionless Henry’s Law Constant at 25° C
[(mg/L — vapor)/(mg/L — H20)].

"8 California Environmental Protection Agency [CalEPA], Interim Final Guidance for the Evaluation and
Mitigation of Subsurface Vapor Intrusion to Indoor Air, Department of Toxic Substances Control, December
2004; revised in 2005. The list of substances is described as a “List of Chemicals to be Considered for the Vapor
Intrusion Pathway.” It includes mercury, two PCBs, and cyanide. Explanatory text indicates that the list of
chemicals was taken from the EPA 2002 guidance with the addition of fuel oxygenates and two volatile
polychlorinated biphenyl congeners (monochlorobiphenyl and dichlorobiphenyl), substances which under certain
conditions could pose a VI threat to indoor air quality.

™ CLARC (Cleanup Levels and Risk Calculations) is an on-line database for chemical-specific information related
to the establishment of cleanup levels under the Model Toxics Control Act (MTCA) Cleanup Regulation (chapter
173-340 WAC). https://fortress.wa.gov/ecy/clarc/Reporting/CLARCReporting.aspx
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To determine if a chemical is sufficiently toxic to potentially pose an unacceptable inhalation
risk, the calculated pure component vapor concentrations were compared to target indoor air
concentrations corresponding to an incremental lifetime cancer risk greater than 10-6 or a non-
cancer hazard index greater than one.

Table B-1 includes all the substances on EPA’s and DTSC’s lists which are defined by WAC
173-340-200 as “VOCs” and have CLARC inhalation toxicity information. In also includes
three total petroleum hydrocarbon (TPH) light fractions and mercury. Providing a large list of
chemicals in this guidance serves one fundamental purpose: it identifies those VOCs which
could possibly pose a potential threat to indoor air via VI. If none of the contaminants of
concern at a site are on the list, the site manager and PLP may conduct the RI/FS without
evaluating VI.” If some of the contaminants of concern at the site are on the list, however, the
site manager and PLP should start the VI screening process for those particular substances.

Ecology recognizes there are limitations to presenting a list of chemicals of concern for the VI
pathway. For example, the toxicity data for chemicals on the list are being continually re-
evaluated and updated by continued scientific inquiry. It is possible, then, that chemicals
included on the list now will later be considered less toxic than current scientific information
suggests. Conversely, the inhalation toxicity of some chemicals not included on the list may
later be re-evaluated and found to be potentially harmful via VI. Furthermore, some of the
chemicals on this list are seldom found at cleanup sites, or are unlikely to pose a significant VI
risk unless they are present in the subsurface at high concentrations. However, on balance,
Ecology believes this list provides a useful screening tool, and thus it has been included in this
guidance.

The list of chemicals in Table B-1 below is advisory in nature: it is provided to help
determine whether the vapor intrusion pathway may require assessment at a site. Some
chemicals that could potentially pose an indoor air health risk have not been included.’
On a site-specific basis, therefore, Ecology may identify circumstances where it becomes
necessary to consider the volatility and toxicity of chemicals not included in the table.

Screening Levels

Table B-1 includes air cleanup levels and shallow groundwater screening levels. It also provides
soil gas screening levels for two measurement depths: sub-slab soil gas and deep soil gas.
Specifically, substances are provided with their:

" As noted later in the text, while this statement will be true in most cases, there are some “non-VOCs” which can,
under certain circumstances, also contaminate indoor air via vapor intrusion.

"® As described above, EPA’s 2002 guidance refers readers to Appendix D of its document to evaluate, where
appropriate, volatile chemicals not included in their Table. Appendix D’s process of selecting only substances that
are volatile enough and toxic enough to pose a potential VI concern appears to be a reasonable process for
determining whether particular VOCs should be considered contaminants of potential concern for the VI pathway.

Table B-1 does not, however, include substances on EPA’s (or DTSC’s) list which are not VOCs. Some
PAHSs, pesticides, and PCBs, for example, can potentially contaminate indoor air via vapor intrusion when
subsurface concentrations are particularly elevated.
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a) Unrestricted (indoor) air cleanup level, calculated per Method B (for carcinogens as well
as non-carcinogens)

b) Industrial (indoor) air cleanup level, calculated per Method C (for carcinogens as well as
non-carcinogens)

c) Groundwater screening level, protective of a Method B air cleanup level (for carcinogens
as well as non-carcinogens)

d) Groundwater screening level, protective of an industrial air cleanup level (for carcinogens
as well as non-carcinogens)

e) Sub-slab soil gas screening level, protective of a Method B air cleanup level (for
carcinogens as well as non-carcinogens)

f) Sub-slab soil gas screening level, protective of an industrial air cleanup level (for
carcinogens as well as non-carcinogens)

g) Deep soil gas screening level, protective of a Method B air cleanup level (for carcinogens
as well as non-carcinogens)

h) Deep soil gas screening level, protective of an industrial air cleanup level (for
carcinogens as well as non-carcinogens)

The table only includes groundwater screening levels that are greater than solubility-limited
concentrations. If maximum solubility-limited concentrations are lower than VI health-based
groundwater concentrations, then the substance is not a VI contaminant of potential concern.

The subsurface screening levels in the table are not site- or building-specific. Groundwater
screening levels assume there will be at least 1000 times attenuation between shallow
groundwater concentrations (converted to equilibrium vapor phase concentrations’’) and indoor
air concentrations. Soil gas screening levels assume there will be at least 100 times attenuation
between deep soil gas concentrations and indoor air concentrations, and ten times attenuation
between sub-slab soil gas concentrations and indoor air concentrations.

Ecology recognizes the assumed attenuation factors utilized to calculate the groundwater and soil
gas screening levels are conservative under most circumstances.’® For example, the degree of
attenuation between groundwater or deep soil gas and indoor air for certain petroleum
hydrocarbons is likely at many sites to be considerably more than what is assumed here. These
compounds often biodegrade in the vadose zone, leading to sub-slab concentrations lower than
what would be predicted solely from diffusion-based vertical concentration profiles. See
Chapter 3 for further discussion of this issue.

" These are soil gas concentrations in equilibrium with shallow groundwater concentrations and are calculated using
the VOC’s Henry’s Law Constant (Hcc). Hcc values are temperature dependent. The values used to derive the
ground water screening levels in Table B-1 were adjusted from 25°C values to 13°C values. 13°C is assumed to
better represent average Washington State shallow groundwater temperature.

"8 Provided the limitations in Chapter 3 are abided by.
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Draft: Guidance for Evaluating Soil Vapor Intrusion in Washington State: Investigation and
Remedial Action

February 2016 Amendment:
Table B-1 in October 2009 Draft Guidance should no
longer be used.

Effective April 6, 2015, Table B-1 found in this guidance has been updated and should not be
used. Please access the Microsoft Excel spreadsheet with updated screen levels at:

http://www.ecy.wa.gov/programs/tcp/policies/VaporIntrusion/Vapor%?20Intrusion%20Table
%20update%20April%206%202015.xIsx

This table can also be accessed from the Vapor Intrusion Guidance website located at:
http://www.ecy.wa.gov/programs/tcp/policies/VaporIntrusion/vig.html

Table B-1. Indoor Air Cleanup Levels, Groundwater Screening Levels, and Soil Gas Screening Levels
Note: Numeric values are rounded and expressed with two significant numbers. The numerator soil gas value is the screening level for sub-slab measurements; the denominator value is the screening level for deep soil gas measurement

Method B Method C
\ [ Tndoor Aw CUL” GWsL™ Soil Gas SL™ 5 Tndoor Air CUL GWSL Soil Gas SL
Risk Risk
_ - Difves “wm’) . [ (ugm’) Driver (ug/m’) (ug/L) ] gm)
Name of Hazardous Substance Cas# c NC (& NC c NC c Nc | c | Nc C NC
2-chloro-" adiene (chloroprene) 126-99-8 NC 32 12 32/320 NC 7 25 70/700
acetaldehyde 75-07-0 C 11 41 530 1900 11/110 41/410 NC 11 9 5300 | 4200 110/1100 90/900
acetonitrile \ 75-05-8 NC 27 33000 270/2700 NC 60 72000 600,
98-86-2 NC 0.008 50 0.08/0.8 NC 0.018 110 18
acrolein (Propenal) - 107-02-8 NC 0.0091 29 0.091/0.91 NC 0.02 64 0.2/2
acrylonitrile \ 107-13-1 C 0.037 091 16 390 0.37/3.7 9.1/91 C 037 2 160 850 20/200
aldrin \ 309-00-2 C 0.00051 032 0.0051/0.051 C 0.0051 32 .051/0.51
benzene 71-43-2 C 032 14 24 100 3.2/32 140/1400 C 3.2 30 24 0 32/320 300/3000
benzyl chloride 7 C 0.052 6.2 0.52/5.2 [ 0.52 5.2/52
bis(2-c 117 C 0.0076 26 0.076/0.76 C 0.076 260 0.76/7.6
75-27-4 0.0033 0.09 0.033/0.33 C 0.033 0.9 0.33/33
75-25-2 23 200 23/230 C 2000 230/2300
74-83-9 NC 23 13 23/230 NC 5 28 50/500
butadiene;1,3- 106-99-0 C 0. 0.91 0.037 0.42 0.8/8 9.1/91 0.8 2 0.37 0.92 8/80 20/200
carbon disulfide 75-15-0 NC 400 3200/320¢ NC 700 870 7000/70000
carbon tetrachloride 56-23-5 C 017 22 17/17 C 17 22 17/170
chlorobenzene 108-90-7 NC 8 100 )/800 NC 18 220 180/1800
chlorodifluoromethane (Freon 22) 75-45-6 NC 23000 230000/2300000 NC 50000 58000 500000/5000000
67-66-3 C 011 C 11 12 11/110
chloromethane 74-87-3 3 14 C 14 52 140/1400
chloropropane;2- 75-29-6 NC 46 46/460 NC 10 26 100/1000
cumene 98-82-8 NC 180 1800/18000 NC 400 1600 4000/40000
dibromochloromethane 124-48-1 C 0.045/0.45 C 0.045 22 0.45/45
1,2- 95-50-1 NC 1800 641 NC 140 4000 1400/14000
dicl 1,4- 106-46-7 NC 7900 3700/3701 NC 800 17000 8000/80000
dichlorodifluoromethane (Freon 12) 75-71-8 80 9.9 800/8000 180 22 1800/18000
1,1- (DCA) NC 320 2300 3200/32000 N 700 5000 7000/70000
dichloroethane;1,2- (DCA) 07-06-2 C 0.096 22 42 98 0.96/9.6 22/220 C 49 42 210 9.6/96 49/490
75-35-4 NC 91 130 910/9100 NC 200 280 2000/20000
156-59-2 NC 16 160 160/1600 NC 350 350/3500
156-60-5 NC 32 130 320/3200 NC 70 290 700/7000
78-87-5 NC 18 28 18/180 NC 4 62 40/400
e 542-75-6 C 6.3 20 16 63/630 200/2000
propy! Ether (isopropyl ether) 108-20-3 NC 400 | 6300 4000/40000
ethyl chloride 75-00-3 C 30 10000 120 | 40000 100000/1000000

? Indoor Air Cleanup Level Equations 750-1 (for 7502 (for defined by MTCA.

If questions, please contact:

Mark Gordon

Toxics Cleanup Program

Washington State Department of Ecology

300 Desmond Dr SE, Lacey, WA 98503
360-407-6357

mark.gordon@ecy.wa.gov
http://www.ecy.wa.gov/programs/tcp/cleanup.html
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Table B-1. Indoor Air Cleanup Levels, Groundwater Screening Levels, and Soil Gas Screening Levels
Note: Numeric values are rounded and expressed with two significant numbers. The numerator soil gas value is the screening level for sub-slab measurements; the denominator value is the screening level for deep soil gas measurements.

Method B Method C
_ Indoor Air CUL" GW SL® Soil Gas SL* _ Indoor Air CUL GW SL Soil Gas SL
Risk 3 3 Risk 3 3
Driver | (ugim) (ug/L) (ug/m) Driver | (agim) (uo/L) (pg/m)

Name of Hazardous Substance S 2CAS # c® NC C NC C NC C NC C NC C NC
2-chloro-1,3-butadiene (chloroprene) 126-99-8 NC 3.2 12 32/320 NC 7 25 70/700
acetaldehyde 1900 ¢ 110/1100 90/900
acetonitrile 33000 600/6000
acetophenone . 0.18/1.8
acrolein (Propenal) 2.9 0.091/0.91 . . 0.2/2
acrylonitrile 107-13-1 C 0.037 0.91 16 390 9.1/91 C 0.37 2 160 850 3.7/37 20/200
aldrin 309-00-2 C 0.00051 C 0.0051 3.2 0.051/0.51
benzene 71-43-2 C 0.32 14 40/1400 C 3.2 30 24 230 32/320 300/3000
benzyl chloride 100-44-7 C 0.052 C 0.52 62 5.2/52
bis(2-chloroethyl)ether 111-44-4 C 0.0076 26 0. 076/0 76 C 0.076 260 0.76/7.6
bromodichloromethane 75-27-4 C 0.0033 0.09 0.033/0.33 C 0.033 0.9 0.33/3.3
bromoform C 230/2300
bromomethane (bromomethane) 28 50/500
butadiene;1,3- 0.92 8/80 20/200
carbon disulfide 870 7000/70000
carbon tetrachloride 17/170
chlorobenzene 220 180/1800
chlorodifluoromethane (Freon 22) 58000 500000/5000000
chloroform 11/110
chloromethane 140/1400
chloropropane;2- 26 100/1000
cumene (Isopropylbenzene) 1600 4000/40000
dibromochloromethane 0.45/4.5
dichlorobenzene;1,2- 4000 1400/14000
dichlorobenzene;1,4- 17000 8000/80000
dichlorodifluoromethane (Freon 12) 22 1800/18000
dichloroethane;1,1- (DCA) 5000 7000/70000
dichloroethane;1,2- (DCA) 210 9.6/96 49/490
dichloroethylene;1,1- (DCE) 280 2000/20000
dichloroethylene;1,2-,cis (DCE) 350 350/3500
dichloroethylene;1,2-,trans (DCE) 290 700/7000
dichloropropane;1,2- 62 40/400
dichloropropene;1,3- ] \ ' A \ 51 63/630 200/2000
Diisopropyl Ether (isopropyl ether) - : 1800/18000 6300 4000/40000
ethyl chloride 75-00- 3 C 3 4600 12 18000 30/300 46000/460000 30 10000 120 40000 300/3000 100000/1000000

" Indoor Air Cleanup Level calculated using Equations 750-1 (for carcmoge 20r C med Q Q I 5 *x I x
8 Ground Water Screening Level or that concentration in the groundwater ec cecy e of We a ure uMder ore information on the appropriate use of these screening levels). GW SL =

[Indoor Air CUL]/[Hcc* o *1000], where o = 1.0E-3.
8 Soil Gas Screening Level that concentration in the soil gas just beneath a building (first value) or at 15 foot depth or greater (second value) expected to not result in exceedance of the air cleanup level in an overlying structure under most circumstances (see Chapter 3 for more
information on the appropriate use of these screening levels). Soil Gas SL = [Indoor Air CUL]/[«], where o = 0.1 or 0.01, depending on the depth of the soil gas sample to be compared to.
8 Chemical Abstracts Number.
8 «C” refers to the substance’s toxicity as a carcinogen; “NC” refers its toxicity as a non-carcinogen.
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Appendix C: Soil Gas Sampling for VI Assessment

This appendix summarizes techniques and methods for sampling soil gas during a vapor
intrusion (V1) assessment. It is comprised of the following four sections:

C.1 Sub-slab soil gas sampling

C.2 Soil gas sampling (not sub-slab)

C.3 Passive soil gas sampling.

C.4 Sources of information for soil gas sampling.

This appendix is intended to provide an overview of information regarding soil gas sampling that
investigators should be aware of when developing sampling plans and assessing study data.
Much more information is available in the open literature and should be consulted prior to
undertaking a sampling program. For example, this appendix does not contain Standard
Operating Procedures (SOPs) for sampling soil gas. Including such a large amount of
information is beyond the scope of this guidance document. For additional information on these
and other topics, consult the references in Section C.4.

Introduction

During the Tier | assessment the investigator is attempting to determine if soil gas concentrations
at the site are high enough to pose a potential threat to current or future indoor air quality. At
this point in the investigation there are typically no indoor air data. Usually there are
groundwater and soil concentration data, and these have been used — during the Preliminary
Assessment — to conclude that VI could possibly be a pathway of concern.

Chapter 3 states that during Tier I soil gas sampling can be used to estimate the strength of the
subsurface VI source. For active sampling — i.e., sampling techniques that collect a certain
volume of soil gas and analyze it to determine concentrations — there are two basic approaches:

a) sub-slab sampling, and
b) sampling from locations that are not “sub-slab.”

Sub-slab soil gas sampling is discussed below in Section C.1; other active soil gas sampling is
described in Section C.2

During a Tier 11 investigation soil gas is also often collected, generally at, or at nearly, the same
time as indoor air samples. Typically, these will be sub-slab samples. The purpose of sampling
soil gas during the Tier Il investigation is to provide information that will better help
approximate the contribution VI is making to the measured indoor air contamination. This is
explained further in Section C.1.
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C.1 Sub-slab soil gas sampling

Sub-slab sampling is generally considered the sampling of soil gas immediately below the
building’s basement floor or slab (for a building constructed slab-on-grade). While it is possible
to collect soil gas at depth below a building’s slab, this is not commonly done. When sub-slab
soil gas sampling is referred to in this appendix, collections just below the slab are assumed. This
distinction is important because the assumptions made about the attenuation of soil gas
concentrations are different for deeper soil gas.

Likewise, soil gas samples can certainly be collected from just below pavement or other surface
cover, beyond the footprint of the building of concern. But these samples are not what is being
referred to here as sub-slab.

Sub-slab sampling, then, can only be conducted if there is a building. If the purpose of soil gas
sampling is to determine the potential for VI to impact a future building’s indoor air, and no
building is currently in the area being assessed, investigators will need to use the techniques
described in Section C.2 to collect soil gas samples.

Some investigators will choose to not collect sub-slab soil gas samples during Tier ]. Collecting
these samples requires that the investigator go indoors, and if permission is obtained for
accessing the interior of the structure, often the investigator will want to also collect indoor air
samples. When sub-slab samples are collected concurrently with indoor air samples, this is what
the guidance calls a Tier 1l assessment.

During Tier Il the investigator is attempting to determine if indoor concentrations within a
building are unacceptably elevated due to VI. At this point in the investigation there are
typically no indoor air data, but there may be soil gas data. Usually there are groundwater and/or
soil concentration data. The existing subsurface data have been used — during the preceding Tier
| — to conclude that VI could potentially impact the indoor air in a particular building located in a
particular area.

It is possible that the type of soil gas sampling conducted during Tier Il will not be sub-slab
sampling. Some building owners, for example, may not give the investigator permission to drill
holes through the building’s slab. However, in most cases the type of soil gas sampling that will
supplement a Tier 1l indoor air sampling event will be sub-slab sampling. These samples are
collected to provide the investigator an idea of how high the soil gas VOC concentrations are
directly below the building. From this information the investigator can better determine if the
VOC levels measured indoors are due to VI or more likely caused by other sources. The relative
levels of VOCs in sub-slab soil gas sampling results can also be compared to indoor
measurements. For example, if compounds A and B are found in sub-slab soil gas at a
concentration ratio of 10:1, one would expect a similar ratio in the indoor measurement, in the
absence of contributions from other sources.

Sub-slab soil gas sampling conducted during Tier Il is similar to that described for Tier |
assessments. The primary differences are that: a) during Tier Il the soil gas result(s) is not the
only, or even primary, piece of information for making the assessment decision; and, b) the
timing of sampling, and number of sampling events, are governed by the indoor air sampling
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schedule. When sub-slab sampling is coupled with indoor air sampling, sub-slab samples are
often collected the day immediately before or after the indoor sampling event. In some cases,
though, the investigator may choose to collect both indoor and sub-slab samples over the same
period, if the collected soil gas volume is small.

Ecology recommends that sub-slab samples be collected via small holes through the flooring
near the center of the floor space, away from perimeter locations where exterior walls meet the
floor.®* See Figure C-1 below. Prior to drilling holes in the slab, local utility companies should
be contacted to identify and mark utilities coming into the building from the outside (e.g., gas,
water, sewer, refrigerant, and electrical lines). Local electricians and plumbers may need to be
consulted to identify the location of utilities inside the building.

Figure C-1. Drilling through a concrete slab using a rotary hammer drill (EPA
2006)

EPA’s 2006 Assessment of Vapor Intrusion in Homes Near the Raymark Superfund Site Using
Basement and Sub-slab Air Samples, EPA/600/R-015/147, provides a protocol for obtaining sub-
slab soil gas samples that many guidance documents endorse. Some of the more critical sub-slab
sampling guidelines, contained in most VI guidance, are listed below:

a) Sub-slab samples should not be collected if groundwater is so shallow that it contacts the
floor/slab.

# This recommendation refers to the room that is being sampled. Often the investigator will be sampling sub-slab
soil gas beneath more than one room. There will also be cases where, because of the size of a basement, e.g.,
multiple sub-slab locations will be sampled. In all these cases it is generally preferable to site the sampling
locations away from exterior walls and any floor/slab features or cracks that could pose a “short-circuiting” route
for the collection.

Appendix-12



b)

d)

9)

h)

Sub-slab samples should not be collected from areas in the immediate vicinity of sub-slab
underground utilities.

Sub-slab samples should not be collected from areas in the immediate vicinity of large
floor cracks or drains, or near sumps.

The number of sub-slab samples needed depends on the size of the slab/floor, the
expected lateral homogeneity/heterogeneity of VOC concentrations in soil gas
immediately below the floor/slab, and the intended use of the data. In Tier I the accuracy
and representativeness of the resulting data are critical, since the investigator will be
relying on these data to decide if soil gas poses a potential VI threat. Multiple sampling
locations will usually be required to ensure that the range of sub-slab soil gas VOC levels
have been represented in the resulting data.

The choice regarding how long a period the sample should be collected over will, again,
depend to some extent on what the investigator intends to do with the data. It will also
depend, if the measurement is intended to represent something like an average sub-slab
VOC concentration over an extended period (like 8 or 24 hours), on how much the
investigator expects VOC concentrations to change over the period. If there are data to
demonstrate, or it can be reasonably assumed, that little change is likely, a relatively short
collection time should be acceptable.

The volume of sample collected will also depend on how the resulting data will be used.
The sample volume is, at least indirectly, related to the period of time that the collection
will occur over. Small volume collections have the advantage of sampling soil gas from
only the point the investigator has chosen to measure; i.e., gases from distal locations are
less likely to be collected in the sample. However, in order to attain detection limits as
low as applicable screening levels, larger volumes will sometimes be required.

For basements, it is possible that the primary entry points for vapors may be through the
sidewalls rather than from below the floor. Sub-slab sampling may therefore need to be
augmented with samples collected through the basement walls.

Sub-slab soil gas sampling techniques are prone to the inadvertent collection of indoor
air, entering the slab hole during the sampling period. Some leakage may occur despite
the investigator’s best efforts to seal the gap between the sampling probe and the slab
hole, provide lock-tight fittings throughout the sampling apparatus, and minimize the
sampling flowrate. For this reason efforts are typically taken as part of project QA/QC to
determine how much indoor air may have entered the sample during a sub-slab
collection. Often this is accomplished by shrouding the sample collector, apparatus,
probe, and hole, and then delivering a tracer compound to the shrouded air volume.
When the sample is analyzed the tracer compound can also be quantified, providing an
estimate of how much indoor air may have entered the sample. See Figure C-2 below.
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Figure C-2. Tracer gas applications when collecting soil gas samples (NYDOH,
2006)

Sub-slab samples can be collected from permanent or temporary probes. An advantage
of the former is that these probes may be easier to seal within the slab hole and thereby
leakage of indoor air into the sample may be minimized. Permanent probes are also
usually preferred when the investigator believes that multiple soil gas sampling events
will be needed. If permanent probes are utilized it is imperative that the probes be valved
or capped off when not in use. Similarly, if temporary probes are used, the investigator
must be sure to repair the slab hole in a manner that prevents the hole from being a soil
gas conduit.

A general sub-slab probe installation schematic for a “permanent” probe is depicted in
Figure C-3 on the following page. Note that the diagram does not show a valve; the
preferred probe installation (see EPA 2006) utilizes a recessed threaded cap. However, if
site conditions demand that the probe be valved, an air-tight valve must be used and
maintained in the closed position at all times (except during sampling).

During Tier I, sub-slab soil gas samples are being collected without indoor air samples,
and the resulting concentration data will be the primary inputs to the decision regarding
the potential for a VI problem. Multiple separate sampling events may therefore be
necessary to assure that representative soil gas conditions have been measured. At least
one sampling event should be scheduled when the building is likely to be depressurized
(with respect to the subsurface). Often this event is scheduled for the winter heating
season, when temperatures inside the building are significantly higher than outdoor air
temperatures.
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Figure C-3. Sub-slab soil gas probe schematic (NJDEP, 2005)

k) QA/QC is important whenever sampling soil gas for a VI assessment. It is especially
important during Tier | sub-slab soil gas sampling because the results, as noted above,
will be the main inputs to the decision regarding the potential for a VI problem. Data
quality indicators should be identified in advance of sampling, with quality “targets”
established for each parameter.

C.2  Soil gas sampling from locations other than “sub-slab”
Soil gas samples collected from locations that are not “sub-slab” include:

(1) Samples of soil gas collected below the building’s basement floor or slab (for a building
constructed slab-on-grade), but at depth. This is not commonly performed during either a
Tier | or 1l assessment.

(2) Soil gas samples collected from below pavement or other surface cover, beyond the
footprint of the building of concern, regardless of the depth.

(3) Soil gas samples collected below uncovered areas, beyond the footprint of the building of
concern, regardless of the depth.

(4) Soil gas samples collected in areas where there are currently no buildings, regardless of
the depth.

Investigators will often choose to collect Tier I soil gas samples outside the building of concern,
beyond the building’s footprint. These samples are commonly collected through a probe or rod
driven into the ground, or through a vapor “well.” The latter generally consists of small diameter
(1/8” to 1/4”), inert nylon or Teflon tubing buried — and sealed — into a borehole. When these
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types of soil gas samples are collected during Tier I, the samples should be collected very close
to the building, laterally.®®

Ecology recommends the following three documents as references when developing site soil gas
sampling plans:

o The revised California (DTSC and the California Regional Water Quality Control Board)
Active Soil Gas Sampling Advisory. NOTE: the 2003 Advisory is due to be revised in
2010.

o Appendix D and Appendix F of the Interstate Technology and Regulatory Council’s
(ITRC’s) January 2007 Vapor Intrusion Pathway: A Practical Guideline.

o Chapter 6 and Appendix | of the New Jersey Department of Environmental Protection’s
(NJDEP’s) October 2005 Vapor Intrusion Guidance, and chapter 9 of NJDEP's 2005
Field Sampling Procedures Manual.

Good discussions of soil gas sampling are also contained in the documents listed in Section C.4.
Some of the more critical soil gas sampling guidelines, contained in most VI guidance, are listed
below:

a) As a general rule, soil gas samples should be collected just above the contaminant source.
Samples collected near the source often display less spatial variability in measured
concentration levels, and investigators can usually sample from a relatively small number
of points (laterally). When samples are collected from shallower depths, well-separated
in distance from the source, Ecology will generally require a larger number of collection
points laterally.

Ecology realizes there are some obvious advantages to sampling shallow soil gas,
especially when the VI source — say groundwater — is at depth. Shallow samples have the
potential to provide an indication of how much attenuation has actually occurred over the
portion of the vadose zone between the source and the measurement point. The actual
amount of attenuation may be significantly different than what is being assumed in
Ecology’s Appendix B screening levels or calculated by the Johnson and Ettinger model.
Plus, shallower samples may provide an indication of how concentrated soil gas VOCs
are at a location nearer the building of concern, which is valuable information.

Despite these advantages, however, the current VI literature suggests that there can be
wide spatial variability in measured soil gas concentrations. This seems to be particularly

8 Of course this only applies when assessing existing buildings. When assessing parcels without buildings the
investigator will need to provide adequate sampling coverage over the entire parcel, or bias the sampling to collect
soil gas from the most highly-contaminated areas beneath the parcel.

In addition, because buildings often have a drain next to the foundation, samples may need to be stepped-back from
the building to avoid these drain systems (but not so far as to no longer be representative of soil gas beneath the
building. A set-back of several feet from the building wall is recommended unless the building plans or persons
with knowledge of the foundation construction provide information that would indicate another distance is more
appropriate. As always, investigators should be sure to identify and mark the locations of underground utilities.
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the case when the samples are collected distal from the subsurface source, at shallow
depths. For this reason Ecology will usually require a denser sampling design, laterally,
for shallow sampling than for sampling conducted nearer the source.

b) Due to the possibility of diluting the collected soil gas with atmospheric air, samples
should seldom be collected from depths shallower than five feet bgs (or less than two to
five feet below the depth of the foundation), unless they are “sub-slab” samples. This
will also minimize barometric pumping effects.®

c) When the subsurface VOC source is close to the ground surface or basement floor,
samples should be collected right above the top of the contamination. But samples
collected from depths this shallow (assuming they are not collected directly below the
building), may not represent soil gas at the same depth directly below the building being
evaluated. Whenever relatively shallow samples are collected beyond the building
footprint, the potential exists for underestimating soil gas concentrations immediately
below the building. The uncertainty associated with adequately representing soil gas
concentrations just below the building increases as shallow samples are collected further
from the building of concern.

d) The number of soil gas samples needed to assess a building or area will depend on a
number of factors. As explained above, Ecology will typically ask for more samples
when the sample locations are relatively shallow. In general, the number of samples
should be dictated by: a) the degree of spatial heterogeneity expected in soil gas VOC
concentrations, and b) the use the data will be put to.

e) Soil gas samples can be collected over very short time periods, and small sample volumes
may be selected to better represent the soil gas concentrations at a discreet depth and
location. The collection period and volume at any given site and for any given project
will depend on why the soil gas is being collected and how the data will be used. If the
soil gas is collected over a short interval, investigators should not also utilize high
sampling flowrates. Higher flowrates may exacerbate ambient air leakage into the
sample. Investigators taking quick samples should also have a reasonable degree of
confidence in the temporal stability of soil gas concentrations (for example, a lack of
diurnal variability) at the site — or be able to select an interval when VOC concentrations
are expected to exhibit near-maximum values).

If the volume of soil gas collected is small, the investigator will need to make sure that
the analytical detection limits will be low enough to meaningfully compare the results to
screening levels. There will also have to be more attention paid to selecting the proper
purge volume. When collection volumes are small and/or sampling flowrates fast,

% Soil gas sample at depths shallower than 5 feet below the ground surface can sometimes be collected from a
location below an impermeable slab, such as some driveway and parking lot covers, or a garage floor. *
California’s guidance recommends that soil gas not be collected following a significant rain event. So does New
Jersey’s (“sizable rainfall”). Massachusetts agrees with these recommendations for samples collected outside the
building footprint.
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purging the desired amount of collected gas before collecting a sample becomes more
critical to assuring properly representative data.

f) Two or more separate soil gas sampling events may be necessary before concluding that
the V1 potential is too weak to merit further assessment. This will depend on a number of
factors. For example, repeat sampling may be indicated if: a) measured soil gas VOCs
are below, but close to screening levels; b) a fairly small number of locations were
sampled the first time; or, c) the investigator believes there could be considerable longer-
term temporal (e.g., seasonal) variability in soil gas VOC concentrations at the depth
being sampled, and the first sampling may not have represented average concentrations
with a high degree of confidence.

g) Generally, irrespective of the data use, Ecology recommends that investigators not collect
soil gas samples during or immediately following a heavy rain. From a practical
standpoint it may be difficult to even collect samples during such adverse weather
conditions. From a data quality perspective, the filling of the vadose zone soil pores with
water will confound the question of how representative the measured soil gas
concentrations are of those concentrations generally forming the VI source beneath the
building.”

h) Like sub-slab sampling, soil gas sampling conducted outdoors is prone to the inadvertent
collection of air, entering the bore hole during the sampling period. This leakage may
occur despite the investigator’s best efforts to seal the gap between the sampling probe
and the hole, provide lock-tight sampling apparatus fittings, and minimize the sampling
flowrate. Leakage testing is therefore typically performed to determine how much
ambient air may have entered the sample during the soil gas collection period. Often this
is accomplished by using the same techniques discussed above for sub-slab sampling.

i) Like sub-slab samples, outdoor soil gas samples can be collected from permanent or
temporary probes. The same advantages and disadvantages discussed above for sub-slab
sampling generally apply. See Figures C-4 and C-5 on the following page for a
schematic and photograph, respectively, of typical, permanent, soil gas sampling probe
installations. Note: the diagrams in Figure C-4 do not show how the top of the probe
(and/or sampling tubing) is closed when not being sampled. If the top of the probe is
valved (—><-), an air-tight valve should be selected and then maintained in the closed
position (except during sampling).

j) QA/QC is important during soil gas sampling, and particularly during Tier I, because the
results will be the main inputs to the decision regarding the potential for a VI problem.
Data quality indicators should be identified in advance of sampling, with quality “targets”
established for each parameter.

8 California’s guidance recommends that soil gas not be collected following a significant rain event. So does New
Jersey’s (“sizable rainfall”). Massachusetts agrees with these recommendations for samples collected outside the
building footprint.
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Figure C-4. Soil gas probe construction diagram (Missouri Risk-based Corrective
Action for Petroleum Storage Tanks, Soil Gas Sampling Protocol, April 21, 2005)

Figure C-5. Photograph of a multi-depth nested vapor well utilizing small diameter,
inert tubing (from the H&P Mobile GeoChemistry, Inc., website, “How to Collect
Reliable Soil-Gas Data”). NOTE: valves turned off.
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C.3. Passive soil gas sampling

The type of soil gas sampling described above utilizes vacuum to pull vapors into a container. A
sample from the container is then analyzed by an on- or off-site laboratory. However, several
devices are available that rely on soil gas contact with a special adsorbent matrix. These devices
are placed into the subsurface environment for a period of time, retrieved, and then sent back to
the vendor for evaluation of the VOCs sorbed to the matrix. Results are usually quantified in
units of mass, but the vendor can often estimate VOC strength in terms of soil gas concentration.

Passive samplers offer certain advantages to the investigator. They can be placed and left for
several days, thereby providing an integrated type of measurement over a period longer than the
periods typical of active soil gas sampling. Plus, once in place they exert few influences on the
subsurface environment. For deeper soil gas locations this may be an attractive feature. If an
investigator wants to know the concentration of VOCs in soil gas at a particular location, deep in
the vadose zone, he essentially wants to know what effect diffusion from the VOC source below
has had on those concentrations. The assumption is that this concentration has not been
influenced by any advective flow of soil gas, only diffusion from the surrounding environment.
Actively “pulling” a sample from this depth exerts, and imposes, pressure on the environment
that would not otherwise be there and the resulting advective flow of soil gas may have some
effect on the representativeness of the sample concentration. Passive sampling can also be
conducted relatively cheaply, can be deployed in tighter and wetter soils than active methods,
and can often detect the presence of some SVOCs better than active methods.

Nevertheless, Ecology does not recommend that passive soil gas samplers be used routinely for
VI assessments, or that they be viewed as substitutes for active soil gas sampling. Most state
guidances consider their results to be more qualitative or semi-quantitative than quantitative, and
will not accept them as the primary line of evidence that soil gas concentrations are too low to
serve as a threat to indoor air quality. They may, however, be useful tools for specific
applications (as described above) and PLPs and site managers interested in finding out more
about these devices should refer to ITRC (2007) and the following sources:®

e USEPA Environmental Technology Verification Report, Soil Gas Sampling Technology,
GORE-SORBER Screening Survey (EPA/600/R-98/095; August 1998)

e USEPA Environmental Technology Verification Report, Soil Gas Sampling Technology,
EMFLUX Soil Gas System (EPA/600/R-98/096; August 1998)

o Gore™ module for passive soil gas collection at W. L. Gore & Associates

e Emflux passive samplers at Beacon Environmental

% Ecology is not endorsing any particular product or company listed herein, and is not intentionally excluding any
vendors of sampling devices. At this time, however, we are aware that the resources we have listed here can
provide further information about vapor sampling devices during V1 assessments. Refer to the Disclaimer of this
guidance.
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http://www.gore.com/en_xx/products/geochemical/environmental/surveys_environmental_modules.html
http://www.beacon-usa.com/

C.4. Sources of information for soil gas sampling
The following documents contain excellent discussions of soil gas sampling:

e American Petroleum Institute (API), November 2005, Collecting and Interpreting Soil
Gas Samples from the Vadose Zone (#4741). See chapter 5 and appendix C.

e ASTM D5314-92, Standard Guide for Soil Gas Monitoring in the Vadose Zone (2001).

¢ California Environmental Protection Agency, Department of Toxic Substance Control
(DTSC), February 2005, Guidance for the Evaluation and Mitigation of Subsurface
Vapor Intrusion to Indoor Air. See Appendix G.

California EPA (DTSC) Advisory for Active Soil Gas Investigations. As noted above,
the 2003 Advisory is due to be revised in 2010.

e H&P Mobile Geochemistry’s revised January 2004 Sub-slab Soil Vapor Standard
Operating Procedures (for VI Applications).

e Interstate Technology and Regulatory Council (ITRC), January 2007, Vapor Intrusion
Pathway: A Practical Guideline. See appendices D and F.

e Massachusetts Department of Environmental Protection, August 2008, Standard
Operating Procedure for Indoor Air Contamination.

¢ Missouri Department of Natural Resources, April 21, 2005, Missouri Risk-Based
Corrective Action (MRBCA) for Petroleum Storage Tanks, Soil Gas Sampling Protocol.

e New Jersey Department of Environmental Protection (NJDEP), October 2005, Vapor
Intrusion Guidance. See chapter 6 and appendix |.

¢ New Jersey Department of Environmental Protection (NJDEP), 2005, Field Sampling
Procedures Manual. See chapter 9.

e New York State Department of Health, October 2006, Guidance for Evaluating Soil
Vapor Intrusion in the State of New York. See chapter 2.

e USEPA ERT, June 1996, Soil Gas Sampling SOP (#2042).

USEPA, 2006, “Assessment of Vapor Intrusion in Homes Near the Raymark Superfund
Site Using Basement and Sub-slab Air Sample” (EPA/600/R-015/147).
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Appendix D: The Johnson and Ettinger Vapor Intrusion Model (JEM)

US EPA’s On-line Tools for Site Assessment Calculation website®® notes that since “vapor
intrusion is a particularly difficult pathway to assess,...a screening-level model is often
employed to determine if a potential indoor inhalation exposure pathway exists and, if such a
pathway is complete, whether long-term exposure increases the occupants’ risk for cancer or
other toxic effects to an unacceptable level. A popular screening-level algorithm currently in
wide use in the United States, Canada and the U.K. for making such determinations is the
‘Johnson and Ettinger’...” model (JEM).

The website further states that the JEM is a “simplified model to evaluate the vapor intrusion
pathway into buildings.” It “has become increasingly popular with regulators and consultants
over the last 10 years and several manuscripts have been published on its use... Briefly, the
model is a one-dimensional analytical solution, which incorporates both advection and diffusion
transport mechanisms to produce a unit-less attenuation factor. This attenuation factor® is a
measure of how soil and building properties limit the intrusion of organic vapors into overlying
buildings and is defined as the concentration of the compound in indoor air divided by the
concentration of the compound in soil gas or groundwater. Chemical concentrations in
groundwater will attenuate more than chemicals in soil gas due to the added limitations imposed
by mass-transfer across the capillary fringe. The larger the attenuation factor produced by the
model, the greater the intrusion of vapors into indoor air.”

In this appendix several aspects of VI assessment modeling are discussed:

JEM assumptions and restrictions®™*

e Default and non-default inputs for the JEM

e Instructions for using the JEM to predict indoor air VOC concentrations during VI
assessment

e Instructions for using the JEM to obtain building-specific groundwater and soil gas
concentrations protective of the VI pathway

8 http://www.epa.gov/athens/learn2model/part-two/onsite/JnE_lite_forward.htm

% Sometimes denoted as " In this document we use the abbreviation, VAF.

In this appendix it is assumed that the investigator is using the JEM if any VI modeling is performed. If a model
other than the JEM is being considered, Ecology recommends that the PLP contact the Ecology site manager in
advance to discuss its suitability.

EPA versions of the executable JEM can be found at:
(http://www.epa.gov/oswer/riskassessment/airmodel/johnson_ettinger.htm) and at the Office of Research and
Development, Athens, Georgia, website (http://www.epa.gov/athens/learn2model/part-two/onsite/JnE_lite.htm).
The former provides JEM “screening” and “advanced” spreadsheets for four types of subsurface sources:
groundwater, soil, soil gas, and NAPL. The latter provides an on-line calculator for groundwater and soil.
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Model assumptions and restrictions

The JEM is a handy VI assessment tool and Ecology endorses its use during Tier | screening.
But, like other models, it applies algorithms to generate results, and these algorithms require that
assumptions be made about a host of site and building conditions. In some cases, these
simplifying assumptions lead to estimates of attenuation (between the subsurface and indoor air)
that are conservative. However, this is not always the case. Site complexity can also challenge
the conservativeness of results, and users of the model must always take into account the
differences between the site and building being modeled and what the JEM was designed to do,
and not do.”

The JEM assumes that soils in the vadose zone are relatively homogeneous and isotropic, though
horizontal layers of consistent soil types can be accommodated (with advanced versions of the
spreadsheet model). Both diffusive and convective transport processes are assumed to be at
steady state. Neither sorption nor biodegradation is accounted for in the transport of VOC vapor
molecules.

Near-surface sources of contamination and very shallow ground water can be a problem for the
model. EPA (2002) states that the JEM should not be used if subsurface vapor sources exist
shallower than five feet below the foundation. EPA also notes that the top of the capillary fringe
must be below the bottom of the building’s floor in contact with soil (i.e., groundwater cannot be
wetting the foundation). Otherwise, predictions may not be conservative. In addition, EPA
cautions model users against:

e Accepting JEM predictions when there are sumps in the basement;*

e Using the JEM to predict indoor air levels within buildings with crawlspaces, earthen
floors, or stone floors;

e Using the JEM to predict indoor air levels for fractured unsaturated zone geology;

e Using the JEM to predict indoor air levels within buildings where the air exchange rate is
considerably less than 0.25 per hour, or when the building’s indoor/outdoor pressure
differential is greater than 10 Pascals;

e Assuming that the model will “fit” site conditions where there is significant lateral
movement of subsurface VOCs. The JEM model only considers vertical diffusion from the
source. Significantly different permeability contrasts between vadose zone layers may
cause lateral flow that the model will not approximate;

*The uncertainty in determining key model parameters and sensitivity of the JEM to those key model parameters is
qualitatively described in Table G-2 of EPA, 2002. A list of model input parameters for building-related
properties, generally considered reasonably conservative, is provided in Table G-3 (EPA, 2002).

% Depending on the sump construction and purpose, it may not be conservative to rely upon JEM predictions of
indoor air quality. The model assumes there are no significant preferential pathways for vapors crossing the
basement/first floor slab.
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e Using the JEM if the capillary fringe is likely to be contaminated and there are large
fluctuations in water table elevations. The JEM assumes the capillary fringe is not
contaminated, a poor assumption if shallow ground water is contaminated and the water
table fluctuates significantly;

e  Accepting the accuracy of JEM predictions when near-surface vadose zone soils are
gravel, gravelly sand, or sandy gravel. Model defaults may not assure conservativeness in
this event;

e Assuming that the model will “fit” site conditions where there are significantly changing
ambient/building pressures and soil gas flowrates (i.e., where a steady state assumption is
unlikely to be conservative—such as during a passing weather front). Prediction
uncertainty may increase as these rates and pressure differentials stray from what the
model assumes and an “average” of the changing values fails to adequately represent the
effects of these parameters on those indoor air VOC concentrations the user is most
interested in determining;

e Using the JEM groundwater-to-indoor air spreadsheets at sites with LNAPL; and,

e Using the JEM soil-to-indoor air spreadsheets. Although models such as the JEM have the
ability to predict indoor air concentrations from VOC sources in subsurface soils,
significant uncertainty may be associated with these predictions. At this time, therefore,
EPA and Ecology do not recommend that investigators rely upon JEM predictions when
the V1 source is VOCs in vadose zone soils.*

The reader is directed to EPA’s User’s Guide for Evaluating Subsurface Vapor Intrusion into
Buildings (EPA, 2004) and Draft Guidance for Evaluating the Vapor Intrusion to Indoor Air
Pathway from Groundwater and Soils (EPA, 2002) for a full discussion of these limitations.

Model use at Ecology sites

When using screening models like the JEM, Ecology does not recommend that users attempt to
model existing site conditions exactly. Rather, the model should be used conservatively and
inputs should be selected so as to predict upper-bound indoor concentrations. In fact, the model
should be used primarily in a “default” mode (i.e., with conservative, generic inputs; see the
discussion in the following section). If site-specific inputs are used these must be reasonable
upper-bound values,* and should be limited to those inputs and values that predictions are
significantly sensitive to, and which are relatively easy to measure.*® In addition, it should be
realized and acknowledged that if certain site-specific values are input to the model, the

% As discussed in the guidance text, Ecology will allow use of the soil spreadsheet version of the JEM for those
non-TO-15 SVOCs, pesticides, and PCBs in Appendix B that are unlikely to pose a VI threat unless they are
present at high concentrations.

% That is, “upper-bound” in terms of conservativeness. Here and throughout the appendix Ecology uses upper
bound to refer to values at the conservative end of the range of expected values. “Upper-bound” values for air
exchange rate assumptions, for example, will be numerically low values, chosen to represent the low end of rates
expected for the type of building being considered.

% «Basy to measure” here refers to the straightforwardness of the measurement as well as the ability of the
measurement to represent conditions that would be found at the site over time.
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predicted indoor air values may need to be qualified accordingly. Large building dimension
values, for instance, input to the model to reflect an existing structure, will result in indoor VOC
predictions different from those for a smaller building, which might be constructed at that
location in the future.

Ecology expects that the only realistic (non-default) values users will commonly input to EPA’s
model spreadsheets or on-line JEM calculator are:

e site-specific subsurface concentration values,

building dimensions,’’

o foundation types (basement or slab-on-grade) and slab thickness,

e soil types,*®

e soil/groundwater temperatures

e depth to source distances, and

e soil types per vadose zone layer (when using the advanced spreadsheets)

In some cases the PLP will want to use a model such as the JEM to support a hypothesis that VI
is very unlikely to be problematic at the site, even though, initially, modeled predictions of
indoor air do not agree with this hypothesis when the model is configured conservatively.”® That
is, the PLP may believe that if model inputs were adjusted to better reflect actual building and/or
subsurface conditions — as opposed to more worst-case, or non-site specific, conditions — indoor
air predictions would be consistent with a hypothesis positing no unacceptable impacts. Instead
of opting to sample indoor air, then, the PLP may prefer to measure selected JEM parameters and
use those measurements to replace the default values.

It is not the Guidance’s intent to prevent this, only to communicate that this is not Ecology’s
general preference and that PLPs should realize that Ecology is likely to demand a relatively
high degree of confidence in the protectiveness of any values proposed to replace defaults. Any
sampling will need to be designed so that the site-specific value the PLP obtains and uses in the
model is clearly and properly representative of the range of conditions one would encounter at

%7 If the investigator is attempting to assess a particular building, rather than a future building with unknown
dimensions.

% |If there are multiple types of soil textures found in borings under the building, the coarsest-grained texture should
be input to the model unless a finer-grained sediment makes up an overwhelming percentage of the vertical
profile. In addition, fine-grained soil textures should not be assumed to be present under the entire building
footprint, and should not be input to the model as a layer unless it has been demonstrated that they are likely to
exist under the entire footprint.

The 2004 EPA User’s Guide (prepared by EQM) recommends selecting: SAND when the site-specific
material is sand/gravel with < 12% fines (where fines are < 0.075 mm); LOAMY SAND when the when the site-
specific material is sand or silty sand with 12-25% fines; and SANDY LOAM when the when the site-specific
material is silty sand with 20-50% fines.

% j.e., when the inputs to the model are primarily default values, and any site-specific values used are clearly
conservative.
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the site over time. Such demonstrations may be resource-intensive, especially in the absence of
building-specific soil gas and/or indoor air sampling.

With a few key exceptions (the site-specific parameters identified above in “Model use at
Ecology cleanup sites”), Ecology generally discourages use of most site- or building-specific
JEM inputs in the absence of confirmatory sampling. This is because Ecology sees the primary
applicability of VI-assessment models as screening tools. Since indoor air concentrations due
solely to VI are usually difficult to accurately measure, and often hard to even estimate, model
predictions of indoor air VOC concentrations will rarely be able to be effectively validated at a
specific site/building.® In our view the best that can be done, given the goal of erring on the
side of protectiveness, is to ensure that — by selection of model inputs — modeled predictions
over-estimate actual VOC levels. By restricting which inputs can be adjusted, and to what extent
they can be adjusted away from a default setting, this can be achieved.

The JEM is a Tier | tool. If it predicts that indoor air concentrations due to vapor intrusion are at
or below applicable cleanup levels, and the user has relied upon conservative inputs and
building/soil properties, the VI assessment for that building may be terminated.'

Default and non-default JEM inputs

Table D-1 shows the various parameters that are inputs to the JEM and provides instruction on
how to use the EPA version of the JEM. The column to the right notes those parameters which
have default values that should routinely be used when assessing VI during Tier I. As discussed
above, Ecology does not recommend that model users attempt to predict accurate indoor air
impacts due to VI. Model default values should routinely be used, with the expectation that
predictions will be conservative.

The forward calculation spreadsheet (or input screen for EPA’s 2008 On-line version of the
JEM) asks the model user to input:

a) the contaminant, contaminant concentration (in soil gas or shallow groundwater),
b) the depth to the “source” (the soil gas sample depth or the water table),

c) the soil type,'%?

199 The opportunity for such verification (and then calibration) is only afforded by the consistent detections of a
particular VOC in all three media (groundwater, soil gas, and indoor air), and where the detections in soil gas and
indoor air are solely the result of VI contributions.

191 This presumes that the site/building conceptual model is consistent with the conceptual model the JEM is based
upon. Although some guidance, including EPA’s draft 2002 OSWER document, recommend that no further
action decisions be preceded by sub-slab or crawlspace (and/or indoor) air sampling, Ecology believes that one
outcome from using the JEM properly is to screen-out sites/buildings where V1 is very unlikely to pose
unacceptable risks to indoor receptors. The reader should understand, however, that the model prediction is a
snapshot, dependent on the media VOC concentrations which have been input at that time. 1f subsurface media
concentrations increase, there may be a need to re-run the model. Consequently, there is a need to know whether
these concentrations may be increasing, which may require continued monitoring. In addition, there will be cases
where the indoor air prediction, while acceptable, is only marginally acceptable. Depending on the perceived
degree of uncertainty associated with the prediction, Ecology may require that sampling be conducted to verify
conclusions reached through modeling.
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d) soil/groundwater temperature, and
e) building type (basement or slab-on-grade).

The model assigns or derives values for a number of properties, and calculates an attenuation
factor and indoor air concentration. The model also calculates the risk or hazard associated with
the predicted indoor air level based on several assumed exposure parameter values.

Some of the JEM’s other property values can be changed. For example, if the investigator is
assessing a particular building and attempting to estimate potential indoor air concentrations, that
building’s actual dimensions and slab thickness could replace the assigned/default mixing height
(HB), footprint area (Ls and Ws), and subsurface foundation area values, as well as the assumed
slab thickness. While other soil and building property values may also be replaced (such as the
soil moisture content, a sensitive model parameter), this is generally not recommended and is not
considered using the JEM in its “default” mode. In the spreadsheet version of the model the user
should typically enter the “SCS soil type” and allow the model to assign soil vapor permeability,
not input a “user-defined” permeability. Similarly, users should typically allow the model to
assign values for soil bulk density, total porosity, and water-filled porosity associated with the
inputted SCS soil type, instead of entering alternative values.

Regardless of the parameter, if a non-default value is proposed to Ecology for use in the model
Ecology will typically require a more resource-intensive demonstration that the proposed value is
conservative if indoor air predictions (in the forward mode, or protective media levels in the
back-calculation mode) are particularly sensitive to the parameter and the proposed value is
significantly different than the default value.

Non-default soil values

In those cases where investigators propose to gather site-specific information to modify a
subsurface default value such as vadose zone moisture content, Ecology will require a
demonstration that the proposed non-default values are truly conservative. PLPs will generally
then need to show that the value proposed represents:

e reasonable upper-bound values measured, or expected to be found, at the site. This is
especially true if measurements have been taken at locations around the perimeter of the
building; or,

e an appropriate upper confidence level on the central tendency of values existing at the site,
if multiple measurements have been taken at locations beneath the building.

In either case the number of measurements must be large enough to adequately characterize the
range and distribution of parameter values. The measurements must also represent the central
tendency of values obtained over time, so that if certain seasons or events affect the parameter
value, it is clear that the proposed value for use in the model has been selected to properly
represent the frequency and magnitude of these impacts on the parameter.

192 5oil texture types are limited in the on-line version of the JEM to four sand and loam types. The EPA JEM
spreadsheets include the option for additional soil types (clays, e.g.).
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Non-default building values

The JEM can be used to predict indoor air concentrations for a specific building that currently
exists on the property or a hypothetical building that may be present sometime in the future. If
the investigator is attempting to derive indoor air concentrations for the latter case, Ecology
expects model inputs to reflect a conservative hypothetical building (low air exchange rates [0.25
volume exchanges per hour]; low Qsoil values [5 L/min]; default house dimensions and small
mixing volumes, etc.). For existing buildings, however, the modeler may use values that reflect
what is known about the structure. For example, as discussed above, actual building dimensions
may be input, as well as actual slab thickness.

If the investigator chooses to modify default air exchange rates (AER or Eg), Ecology expects a
demonstration that the proposed non-default rates are truly conservative. If this demonstration is
based on measurements, the number of measurements should be large enough to adequately
characterize the range and distribution of the parameter’s values. If certain seasons or events
affect the parameter value, the proposed rate for use in the model must be a reasonable “upper
bound” rate (see footnote 7), taking into consideration the frequency, magnitude, and duration of
any likely deviations from the selected rate.

In addition, inputs must be selected that correspond to actual building use and HVAC system
operation. Air exchange rates in commercial buildings, for example, may be much different
depending on the hour and day of the week. Some systems operate differently when employees
are not present. If ‘work shift” exchange rates are to be used in the model, the PLP must
determine what affect the — presumably — lower AERs during “off-hours” have on VI and
resulting indoor air concentrations during those periods when the HVAC system is either off or
operating differently than during work shifts. The AER parameter in the model is a constant, and
the model assumes that the AER value does not change. Indoor air VOC concentrations
predicted by the model for a Monday morning, then, assume that the AER value input to the
model has been maintained constantly since Friday afternoon. This may not be the case, and
making the assumption may well underestimate indoor VOC levels workers are exposed to as
they begin their shifts.

As with any data collection effort, Ecology will expect different levels of demonstration “effort”
depending on how the resulting data will be used and how close these data are to a critical value.
For example, it may require little effort to successfully demonstrate that a newer commercial
building’s air exchange rate is at least one volume/hour.'® But if the model will continue to
predict unacceptable indoor air concentrations unless the inputted rate is as high as two volumes
per hour, and this is the value the PLP is proposing, Ecology is likely to want considerably more
information, or information that is perhaps based more on measurements than HVAC design
specifications, before concluding that the air exchange rate for the building of concern is actually
and consistently this high.

193 CalEPA’s 2005 Guidance for the Evaluation and Mitigation of Subsurface Vapor Intrusion to Indoor Air
suggests that users assume that AERs in California commercial buildings will be at least this high. So does Health
Canada (2004). It reports the findings from two 1995 studies (Fang and Persily, 1995; Dols and Persily, 1995),
showing that commercial AERs vary from 0.3 to 2.6 per hour.
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Qsoil

The default value for Qsoil (the pressure-driven volumetric flowrate of soil gas into the structure)
is 5 liters/minute for a typical residential building (house). This value should not be modified by
the JEM user unless the building being assessed is considerably larger than an average residence.
Some commercial buildings certainly fit into this category, and if 5 liters/minute is assumed for
these structures, the model may under-predict the indoor air concentration. The State of New
Jersey recommends that the Qsoil value for buildings larger than homes be input as:

(5 L/min) X (building perimeter in cm/4000 cm),

which appears to be an acceptable approach for adjusting this rate if soil gas entry routes into the
building in question are likely to be primarily located at the perimeter. In the spreadsheet
version of EPA’s JEM the user also has the option of allowing the model to calculate Qsoil.*

JEM output

Table D-1 provides basic instructions on how to use EPA’s version of the JEM. The model is
designed to provide users several outputs. As noted above, the primary output in the forward
mode'® is a VAF value that estimates how much attenuation in VOC concentration can be
expected between soil gas at a particular depth and indoor air. In the spreadsheet model this
value is found on the Intermediate Calculations Sheet and is called the “indoor attenuation
coefficient (a).” The On-line Calculator identifies the same parameter as the “Johnson &
Ettinger Attenuation Factor (a)”. The model uses this estimate to predict an indoor air
concentration. In the spreadsheet version of the model this predicted concentration is also found
on the Intermediate Calculations Sheet and is called the “building concentration (Cbuilding).” The
On-line Calculator produces “low, high, and best estimate predicted indoor air concentrations”
for the VOC modeled. Both versions of the model will also derive EPA’s associated risk level
(or hazard quotient) for the indoor air concentration predicted.

194G idance (EPA 2002) suggests that Qsoil should be within the range of 1 to 10 L/min. However, this is a low rate
for buildings much larger than a typical small house (1000 ft2). The JEM spreadsheets will therefore frequently
calculate a much larger Qsoil when building footprints significantly exceed those of a typical house. In general,
this calculated value will be very conservative.
Several papers have been published by Paul Johnson and others which discuss the JEM:
o "Evaluation of the Johnson and Ettinger Model for Prediction of Indoor Air Quality” by lan
Hers, Paul Johnson, et al, 2001
o "ldentification of Critical Parameters for the Johnson Ettinger (1991) Vapor Intrusion Model"
by Paul Johnson, 2002 (API doc)
o "ldentification of Application-specific Critical Inputs for the 1991 Johnson and Ettinger
Vapor Intrusion Algorithm", by Paul Johnson, 2005 (NGWA doc)
Johnson suggests that for conservative assessments of V1 the (Qsoil/QB) ratio should be close to 0.01. In most
cases Ecology will want any manipulation of model inputs/assumptions to be consistent with the analyses
discussed in these documents.
195 1n EPA’s spreadsheet version of the JEM the forward calculation is initiated at the top of the Data Entry Sheet by
choosing “calculate incremental risks from actual...concentration (enter X in YES box and initial...conc below).”
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The output is similar for the backward calculation.’® But in its back-calculation mode the JEM
derives a VAF value and then uses it to calculate a soil, soil gas, or groundwater concentration
that is protective of indoor air quality. The acceptable indoor air concentration the model uses to
derive these protective subsurface concentrations is associated with a particular risk factor (such
as 1E-6) for carcinogens or hazard quotient (HQ) for non-carcinogens.

While investigators assessing VI in Washington State may use the JEM’s resulting VAFs and
forward-mode predicted indoor air concentrations, the indoor air risks and HQs calculated by the
model are not necessarily the same as those one would derive from re-arrangement of Equations
750-1 or 750-2. See section 6.5 in the guidance text and the section entitled “Protective
subsurface media levels using the JEM” below.

Assessment: comparing indoor air concentration predictions to “acceptable” levels

Chapter 3 of the guidance states that the JEM can be used during Tier | to assess VI impacts by
inputting shallow groundwater concentrations, soil gas concentrations, and, for some limited
substances, soil concentrations. The model can be used to predict indoor air levels for an
existing building or a hypothetical building.

If the JEM is utilized to predict indoor air concentrations, predictions for residential and other
non-industrial buildings should typically be compared to Method B air cleanup levels. Indoor air
predictions for industrial buildings are usually compared to industrial air cleanup levels,
especially when the future land use is expected to remain industrial.

Using the JEM to calculate protective subsurface media levels: Groundwater

In its back-calculation mode the JEM derives media concentrations that are intended to be
protective of indoor air quality. For sites where contaminated groundwater is the only VI source,
a shallow (water table) groundwater VOC concentration can be calculated by the model that
would be predicted to potentially result in an acceptable indoor air concentration. When
calculating such concentrations, users must typically assume properties for a hypothetical future
house. If the current building’s JEM properties are used, and the building is not a house, the PLP
should understand that institutional controls may be needed as part of the site cleanup action to
ensure that in the future there are not changes to the building (or replacement of the building
with a new structure) that may cause the model’s indoor air prediction to no longer be
conservative.

When calculating VI-protective groundwater levels the model’s Qsoil Value should be set to 5
L/min if the existing or future building is a house. It should only be increased if the building
being modeled is considerably larger (see the discussion under “Default and non-default JEM
inputs” above).

Using the JEM to calculate protective subsurface media levels: Soil gas

For sites where contaminated groundwater is the VI source, where soils (or only soil gas) are the

198 1h EPA’s spreadsheet version of the JEM the backward calculation is initiated at the top of the Data Entry Sheet
by choosing “calculate risk-based...concentration (enter X in YES box).”
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source, where both groundwater and soils are contaminated with VOCs, or where there is
LNAPL at the water table, the JEM can derive a building-specific soil gas concentration that
would be predicted to potentially result in an acceptable indoor air concentration. This soil gas
concentration could be used post-remediation to show that subsurface conditions no longer pose
a potential threat to indoor air quality via the VI pathway.

As with the calculation of protective groundwater levels, model users back-calculating protective
soil gas concentrations must either assume properties for a hypothetical future house, or use the
current building’s properties (with the understanding that institutional controls may then be
needed if the current building’s dimensions, AERs, etc., are less conservative than those for
house). Qsoil Values should be set as discussed above.

Soils

EPA does not recommend using the JEM soil spreadsheets to predict indoor air concentrations
from soil concentrations if this is the sole line of evidence relied upon for screening out a
building. Ecology concurs and believes that the uncertainty associated with the indoor prediction
is too high to merit such a use for the model. Consequently, Ecology has recommended soil gas
sampling in cases where there the subsurface contamination is in the vadose zone. Soil gas
concentrations can then be input to the JEM to predict potential indoor air concentrations.

JEM “Back-calculating”

Unfortunately, EPA’s versions of the JEM are not structured to accept target indoor air levels
that groundwater, soil, or soil gas concentrations can then be back-calculated to attain. This is
problematic because EPA calculates risks and hazards somewhat differently than they are
calculated in the MTCA regulations. Method B equations for indoor air cleanup levels in WAC
173-340-750 currently utilize reference dose and carcinogenic slope factor toxicity information
(RfDi and SFi), whereas the JEM uses reference concentrations and unit risk factors (RfCi and
URFi). The predicted groundwater and soil gas concentrations the model produces to be
protective of indoor air (for a carcinogenic risk of 1x10® or a non-carcinogenic hazard quotient
of one) are therefore not the same as those it would derive to be protective of Method B air
cleanup levels. Calculating VI-protective groundwater and soil gas concentrations via the JEM
must currently be accomplished through a two-step use of the model’s forward calculation.
Please see the instructions in Table D-2 below.

JEM-related documentation

Work plans and reports submitted to Ecology that include JEM-predicted concentrations or
attenuation factors must contain sufficient documentation for a review and independent re-
calculation of results. Usually this means submitting print-outs of the spreadsheets themselves or

"EPA’s OSWER website provides JEM spreadsheets for sites with NAPL. As with EPA’s 3-phase groundwater
and soil gas models, there is a screening-level NAPL spreadsheet and an advanced-level sheet. According to EPA:
“When NAPL is present in soils, the contamination includes a fourth or residual phase. In such cases, the...NAPL
models...can be used to estimate the rate of vapor intrusion into buildings and the associated health risks.
The...NAPL models use a numerical approach for simultaneously solving the time-averaged soil and building
vapor concentration for each of up to ten soil contaminants. This involves a series of iterative calculations for each
contaminant. The NAPL models are available in Excel.” The website also provides a NAPL Model User's Guide.
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the on-line calculator screens. The reviewer’s attention should be drawn to any inputs or
calculation modifications that utilize non-default values. If a variable such as air exchange rate
has been modified from its default value to better represent the building’s degree of ventilation,
sufficient documentation must accompany the modeling print-outs to justify use of the building-
specific rate.

Investigators utilizing the JEM must ensure that the conceptual VI model for the site and
building of interest is similar to the conceptual VI model the JEM model is based upon.
Simplifying assumptions have been made by the designers of the JEM in order to predict indoor
air concentrations from subsurface media concentrations. These may be poor assumptions for the
actual site/building being modeled, and may disqualify use of the model as a conservative
screening tool. When submitting modeling documentation, therefore, PLPs should also include a
discussion about JEM assumptions and limitations, stating how their use of the model is
appropriate given these restrictions.
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Table D-1 Recommended JEM default Input Settings'® and instructions for using EPA’s version of the JEM in forward
mode to estimate a building-specific VAF and an indoor air concentration

A. Open the EPA JEM spreadsheet or On-line Calculator

B. Enter parameters to calculate the VAF and a predicted indoor air concentration

Input parameter Default input value Unit Descriptions/Comments

B.1 Enter General information

Concentration for soil gas Measured ug/m’ Use the highest concentration measured beneath/near the

sample building

Concentration for soil Measured ug/kg

Concentration for ground Measured ug/L

water

Depth of the sample Measured feet or m | Site-specific

Contaminant of concern (or | Select the hazardous VOC Site-specific. For petroleum contamination, use toluene as a

VOC) of concern representative substance.

Type of building Building-specific Selection between basement or slab-on-grade

Type of soil Select the most The on-line version of the JEM only allows selection of 1 of
representative Soil 4 soil types (sand, loamy sand, sandy loam, and loam). Refer
Conservation Service to Table G-4 of EPA (2002) for the selection of soil type
(SCS) soil texture type based on site lithologic information.

Average soil/ground water | 55 F Can be measured, but is generally 47 to 57°F in WA.

temperature

B.2 Chemical properties: users may accept the default

values stored or overwrite with chemical-specific information.

CAS Number & Molecular
Weight

Chemical-specific

g/mole

Will be assigned.

1% Taken from Table G-3 of the 2002 Draft EPA VI guidance and EPA’s on-line calculator version of JEM model.
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Input parameter Default input value Unit Descriptions/Comments

Henry's Law Constant (H) | Chemical-specific unitless | The model will assign a value and correct it for the inputted
groundwater temperature. This value should usually be
accepted. For soil gas inputs the HLC has no impact on the
VAF or indoor air concentration calculated.

Free-Air Diffusion Chemical-specific cm/s Accept the defaults (though these values can be overwritten)

Coefficient (D,)

Diffusivity in Water (Dy,) Chemical-specific cm/s Accept the defaults (though these values can be overwritten)

Unit Risk Factor (URF) Chemical-specific (ug/m’)* | This value has no impact on the VAF or indoor air
concentration calculated. However, if the user intends to use
the risk the JEM associates with its predicted indoor air level,
the URF must be consistent with WAC 173-340-750.

Reference Concentration Chemical-specific mg/m’ This value has no impact on the VAF or indoor air

(RFC)

concentration calculated. However, if the user intends to use
the HQ the JEM associates with its predicted indoor air level,
the RfC must be consistent with CLARC and WAC 173-340-
750.

B.3 Soil properties

Total Porosity (n);
Unsaturated Zone Moisture
Content (0,); Capillary
Zone Moisture Content at
Air-Entry Pressure (Ow,cap);
Height of Capillary Zone
(CZy)

Do not change these parameters. They are not considered to be inputs when running the model.
Depending upon the soil type chosen, the model calculates these parameters from soil properties that
the model assigns based on texture classification

Input parameter

Default input value

Unit

Descriptions/Comments

Soil-gas Flow Rate Into the
Building (Qsoir)

5

L/min

5 L/min is the default rate for houses. For buildings with
significantly larger footprints, larger Qsoil Values must be used
(see the Qsoil discussion in the appendix text).
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B.4 Building properties

Air Exchange Rate (Eg or 0.25 (residential) and 0.5 | hr™ To assess an existing commercial building, a higher rate can

AER) (commercial) be entered. But adequate documentation must demonstrate
that the higher rate is actually realized and maintained.

Building Mixing Height 2.5 (slab-on-grade) or 3.7 | m To assess an existing building, can be measured and input.

(Hg) (basement) For larger, non-residential buildings, the height of the lowest
ceiling in any occupied rooms on the lowest floor should be
entered.

Building Footprint Area 100 m° To assess an existing building, can be measured and input.

(Fe)

Subsurface Foundation 106 (slab-on-grade) or m° To assess an existing building, can be measured and input.

Area'® (Ag) 180 (basement)

Building Crack Ratio™ (1) | 0.00038 (slab-on-grade) unitless Do not change this value; it is inter-calculated by the model

or 0.0002 (basement)
Building Foundation Slab 0.1 m To assess an existing building, can be measured and input.
Thickness (Lcrack)

B.5 Exposure parameter values may be disregarded if the only desired output is a VAF or a predicted indoor air
concentration.

C. Output values of primary interest are:
o the “indoor attenuation coefficient (a),” found on the Intermediate Calculations Sheet of the EPA spreadsheet version of the
model. EPA’s On-line Calculator identifies the same parameter as the “Johnson & Ettinger Attenuation Factor (a)”.

e the model’s predicted indoor air concentration. In the spreadsheet version of the model this concentration is found on the
Intermediate Calculations Sheet and is called the “building concentration (Cbuilding).” The On-line Calculator produces “low, high,
and best estimate predicted indoor air concentrations” for the VOC modeled.

The risk or hazard associated with the predicted air concentration will not necessarily be the same as the “MTCA risk” or
“MTCA hazard.”

1% Area of enclosed space below grade. This includes the area of the floor in contact with the underlying soil and the total wall area below grade.
19 The ratio of crack to total floor area.
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Table D-2. Calculating VI-protective groundwater and/or soil gas concentrations

objective

instruction

result

Derive an attenuation factor that will
enable you to calculate a VI-protective
groundwater or soil gas concentration for
the VOC of interest.

(1) Run the JEM in the forward mode.

(2) Any groundwater or soil gas VOC
concentration can be input.

(3) Use default values and, where
allowed, site-specific values (see
Table 1).

(1) An attenuation factor (o).

(2) An indoor air concentration
prediction (use the “best estimate”
from the On-line Calculator).

Calculate the groundwater or soil gas input
concentration for the desired MTCA
Method (B or C) indoor air cleanup level.

(1) The predicted indoor air
concentration from the step above
is assigned IAP.

(2) The applicable Method B or C air
cleanup level is assigned CUL.

(3) The VOC groundwater or soil gas
concentration originally input to the
JEM is assigned INPUTo.

(4) Calculate the VOC groundwater or
soil gas concentration to be input to
the JEM (INPUT?1) that should
result in an air concentration equal
to the applicable Method B or C air
cleanup level:

INPUT1 = (CUL X INPUTo) / IAP

INPUT1 is the groundwater or soil gas
concentration that should correspond to a
predicted indoor air concentration equal to
the Method B or C air cleanup level.

Re-calculate the predicted indoor air
concentration for a modified groundwater
or soil gas input concentration (INPUT?1).
This inputted concentration should be the
VI-protective groundwater or soil gas
concentration.

(1) Enter the groundwater or soil gas
INPUT: value for the VOC
concentration and run the JEM in
the forward mode.

(2) Use default values and, where
allowed, site-specific values.

The predicted indoor air concentration
(“best estimate” for the On-line Calculator)
should be the applicable Method B or C air
cleanup level. If so, INPUT1 is the VI-
protective groundwater or soil gas
concentration.
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Appendix E. Decision Matrix Guidelines for Tier Il Vapor Intrusion
Assessment

The two tables below (E.1 and E.2) are intended to help decision-makers synthesize the
information obtained during a Tier Il investigation and make decisions about what steps should
be taken next. The tables assume that this activity is occurring during the Remedial Investigation
(R1), when investigators are assessing the potential for vapor intrusion (V1) to unacceptably
impact a current building’s indoor air.

The matrix, conceptually, reflects Ecology’s preference that multiple lines of evidence be
assessed before deciding whether an action should be taken to protect indoor receptors. The two
lines of evidence explicitly represented in the matrix are indoor air concentration data and sub-
slab sampling concentration data. While indoor air data provide a good indication of the level of
indoor air contamination at the time the samples were collected, they are not usually capable, by
themselves, of accurately quantifying the contribution made by VI. This is because the measured
indoor air contamination is often due to multiple sources: outdoor air contamination that has
come into the building; indoor sources of contamination; and, perhaps, contaminated soil gas that
has entered the building via VI.

Sub-slab soil gas sampling, performed concurrently with indoor air sampling, provides the
investigator information about the degree to which soil gas sampled immediately below the
building is contaminated. If concentrations in this soil gas are high, VI may potentially be
contaminating indoor air. If the soil gas concentrations are relatively low, VI is unlikely to be
contributing significant contaminant mass to the indoor air space. If indoor air contamination is
measured under this latter scenario, it is likely that other (non-V1) sources are the primary
contributors.

The matrix is not a substitute for critical thinking or best professional judgment. Itis only a
general guide. Site-specific Tier Il decisions will need to be based on site conditions and the
conditions at any given site may lead to different decisions than the simple suggestions provided
in the boxes below.

Recommended actions in the matrix:

(1) No Need for Mitigation: the measured concentration in indoor air is below the screening
level. The measured sub-slab soil gas concentration is either below the generic screening
level or only marginally above that level. VI does not appear to be a problem.

(2) Repeat sampling: several decision boxes suggest that sampling be repeated. In most of
these cases the indoor air or sub-slab soil gas measurement has detected an elevated VOC
concentration. Elevated indoor measurements coupled with relatively low sub-slab
concentrations may indicate the presence of an indoor source of the VOC. This should be
investigated. Elevated sub-slab measurements coupled with relatively low indoor air
concentrations may indicate that the building was capable of resisting VI at the time the
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indoor samples were collected, but the sub-surface source may be capable of

contaminating indoor air in the future.

©)

Mitigate: the combination of indoor and sub-slab data suggests that VI may be

unacceptably contaminating indoor air. Methods to mitigate exposures related to V1 are
described in Chapter 5 of this Guidance. Mitigation is considered a temporary measure
implemented to address exposures related to VI until contaminated environmental media
are remediated. In some cases, instead of mitigation, the responsible party may choose to
implement an interim action that remediates the V1 source. These types of actions are also
discussed in Chapter 5.

Two matrices have been provided below, one for carcinogens (E-1) and one for non-carcinogens
(E-2). They are very similar. Both are intended for buildings where the applicable “acceptable”
indoor air concentration is the Method B air cleanup level. However, since non-carcinogens may
produce harmful effects once threshold exposures are reached, the middle column of Table E-2
has reduced the concentration range associated with “marginally” unacceptable indoor air
quality. This is consistent with Ecology’s policy of requiring action when the Hazard Index (HI)
clearly exceeds a value of 1.0.

Table E-1. Decision matrix for carcinogenic contaminants of concern.

Indoor air
measurement
Sub-slab soil gas
measurement

lll/

concentration <
applicable SL

Indoor air
concentration < indoor
air SL

Indoor air concentration >
indoor air SL, but <10
times the SL

Indoor air concentration >
10 times the SL

Sub-slab soil gas

no need for mitigation

Repeat sampling;
investigate potential indoor
sources

Repeat sampling;
investigate potential
indoor sources

Sub-slab soil gas
concentration >
applicable SL, but <
10 times the SL

no need for mitigation

repeat sampling; mitigate
if multiple consecutive
indoor air samples exceed
the SL.

investigate potential
indoor sources; mitigate if
unable to locate/isolate
indoor sources

data

slab soil gas
concentration is likely
to be > 10 times the SL;
collect sub-slab data, if
possible, during repeat
sampling

Sub-slab soil gas Repeat sampling Repeat sampling; mitigate | mitigate
concentration > 10 if multiple consecutive

times the applicable indoor air samples exceed

SL the SL.

No Sub-slab soil gas | Repeat sampling if sub- | Repeat sampling; collect | mitigate

sub-slab data if possible

11 This refers to the indoor measurement due to VI. Commonly this will be estimated to be the [max measured
| indoor concentration] — [representative measured, same-day, ambient air concentration]
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NOTES to Table E-1:

1) SL = screening level. Method B indoor air and sub-slab soil gas screening levels are
provided in Appendix B, Table B-1.

(@) The table considers carcinogenic VOCs one by one. In some cases there will only be a
single VOC that has the potential to unacceptably contaminate indoor air and the table
can be used as is. However, there will be other cases where more than one VOC has the
potential to lead to VI impacts. Investigators can use the table for each VOC separately,
but then should also consider the combined risk impact that all VOCs will have on indoor
air quality. For example, in the middle column, two VOCs may both exceed their indoor
air screening levels, but each by only 6 times. Each VOC would therefore be evaluated
under the middle column. Their combined associated inhalation risk, however, would be
1.2E-5 (assuming each had an indoor air SL set at a risk of 1E-6). This “combined” risk
value would be better evaluated by using the table’s last column (from the left).

Table E-2. Decision matrix for non-carcinogenic contaminants of concern.

Indoor air Indoor air Indoor air concentration > | Indoor air concentration >
112
/

measurement concentration < indoor |indoor air SL, but < 2 times |2 times the SL
Sub-slab soil gas air SL the SL
measurement

Sub-slab soil gas no need for mitigation | Repeat sampling; Repeat sampling;
concentration < investigate potential indoor |investigate potential
applicable SL sources indoor sources
Sub-slab soil gas no need for mitigation |repeat sampling; mitigate |investigate potential
concentration > if multiple consecutive indoor sources; mitigate if
applicable SL, but < indoor air samples exceed |unable to locate/isolate
10 times the SL the SL. indoor sources
Sub-slab soil gas Repeat sampling Repeat sampling; mitigate | mitigate
concentration > 10 if multiple consecutive
times the applicable indoor air samples exceed
SL the SL.
No Sub-slab soil gas | Repeat sampling if sub- | Repeat sampling; collect | mitigate
data slab soil gas sub-slab data if possible

concentration is likely

to be > 2 times the SL;

collect sub-slab data, if

possible, during repeat

sampling

NOTES to Table E-2:

12 As in Table E-1, this refers to the indoor measurement due to VI. Commonly this will be estimated to be the
[max measured indoor concentration] — [representative measured, same-day ambient air concentration]
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1) SL = screening level. Indoor air and sub-slab soil gas screening levels are provided in
Appendix B, Table B-1.

(@) The table considers non-carcinogenic VOCs one by one. In some cases there will only be
a single VOC that has the potential to unacceptably contaminate indoor air and the table
can be used as is. However, there will be other cases where more than one VOC has the
potential to lead to VI impacts. Investigators can use the table for each VOC separately,
but then should also consider the combined hazard impact that all VOCs will have on
indoor air quality. For example, in the middle column, two non-carcinogenic VOCs may
exceed their indoor air screening levels, but only by 1.5 times. Each would therefore be
evaluated under the middle column. Their combined associated inhalation hazard index
(HI), however, would be 3.0 (assuming each had an indoor air SL set at an HQ of 1).
This “combined” hazard value would be better evaluated by using the table’s last column
(from the left).*

3 This example assumes that the health effects would be additive.
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